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PART I — GENERAL CONSIDERATIONS AND 
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by 


Anthony Green (F.R.C.5., F. F. 


The rotation of the patient or roentgen tube in radiotherapy is a logical 
extension of the multiple field technique. It is not surprising, therefore, 
that numerous workers have designed apparatus to perform it but a survey 
of the literature, reviewed in Part II, shows that most work has been 
theoretical. This set of three papers from the Royal Northern Hospital, 
London, shows that a method of rotational therapy has been evolved 
which is both sound in theory and practical in application. Owing to the 
indisposition of the author this paper has been completed by his assistant 
(R. F. HENDTLAss). 

Rotational therapy can theoretically be performed in at least four 
ways: (a) the longitudinal axis of the patient is vertical and the patient 
rotates around this axis; (b) the longitudinal axis of the patient is hori- 
zontal and rotation of the patient occurs in the horizontal plane; and in 
eitl.er (a) or (b) the patient may remain still and the tube rotate instead. 
Me hod (b) with a stationary tube, was adopted as it was found in the 
ear y experimental days that the essential point of keeping the longi- 
tuc inal axis of the patient in the vertical plane (method (a)) exactly over 
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Plate 1. 
A: Model of are therapy apparatus. — B: Original rotating table. — C: Model of 
new rotating table (described in text). 


the centre of rotation was very difficult in practice as much harnessing 
was required, and to obtain a moving tube led to great mechanical dif- 
ficulties with considerable expense. It will be understood from the physics 
that in rotational therapy in the horizontal plane, the volume of tissue 
continuously irradiated approximates to the shape of a sphere, the shape 
to which most neoplastic masses conform. There are, however, instances 
where neoplastic masses are cylindrical, e. g. in the oesophagus, and ure 
not suitable for such rotational therapy. To overcome this the arc therapy 
method (PoHL 1913) has been considered and the preliminary wo’k, 
including the making of a working scale model, has been done. The 
isodoses in this method show a cylindrical zone of even irradiativn, 


274 
> | 
(( 
sl 
al 
w 
Co 
| . 0 
: 0 
f <= 
Pin) b 
ir 
W 
| 
7 
t 
I 
0 
V 


ROTATIONAL ROENTGEN THERAPY IN THE HORIZONTAL PLANE 275 


eninently suitable for its purpose. Plate I (a) is a photograph of the 
n odel showing the ability of the tube support to tilt as well as the 
t.ble. The drive is continuous and by an arrangement of cams the tube 
describes a smooth are to and fro. 

The principles of rotation therapy in the horizontal plane may be 
explained by means of Fig. 1 where (a) is a sphere representing the 
Jesion within the patient whose contour is depicted by (b); a beam of 
light (c) takes the place of the roentgen ray beam and shines obliquely 
but directly on to the lesion. The imaginary patient rests upon a turntable 
(d) so that the lesion is exactly over the centre of rotation. Let the light 
shine on to the lesion while the turntable rotates a given number of turns 
and it will be seen that the central sphere receives equal illumination in 
any horizontal circumference but it 
will be more intense as the top of 
the sphere is reached. If the patient 
is now turned over and the same 
conditions applied, the illumination 
over the whole sphere can be made 
even. It is clear that the calculation 
of this amount of illumination is a 
complex physical problem which is 
intensified in the irradiation of the 
teal patient with roentgen ray 
beams and the volume of the sphere 
instead of its surface is considered. Figure 1. 

In particular, the use of wedge filters, 

which makes it possible to achieve uniform irradiation when treatment 
is given to shallow lesions from one side only of the patient, requires 
careful attention. This work is covered by Parts II and III. 


Apparatus 
The rotating table. 

In treating patients by horizontal rotational therapy as explained, 
the most important item in the apparatus is the table itself, and in its 
construction, three details require special attention if the treatment is 
to be successfully applied. First, the table top must rotate slowly and 
smoothly at a constant rate; secondly, it must be strongly supported 
so that the weight of the patient, in whatever position he lies, does not 
til: the table top; and thirdly, arrangements must be made, or attach- 
ments must be applied, so that there is no chance whatever of any part 
of the patient’s anatomy fouling cables or other parts of the tube, for 
wi hout protection serious injury to the patient may arise. With these 
in mind the preliminary table was made (Plate I (B)). Its design was 
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simple and in use showed that the method of treatment could be applie« 
satisfactorily. With time, however, the gears began to wear, the suppor 
of the table top became inadequate and the need for a new table arose. 

A new table was designed and a scale model made, together with two 
wooden dummies, to the same scale, which represented the extremes of 
patients’ size. Their joints were so made that movements followed closel:: 
those of a live person. Settings were tried in all positions likely to be 
used and the design was found adequate so that the full-size table is now 
in production. In Plate I (C) two photographs of the model, with a dummy 
set for treatment to the thorax, are shown. 

For the purpose of description (with reference to the accompanying 
model illustration) the table assembly may be divided into three parts: 
(a) the chassis, (b) the table top and (c) the protective attachments. 

(a) The chassis has been provided with a wide wheel base in order to 
ensure against any possibility of tilt, and the motor (M) set on appro- 
priate cross-bars. The gears (N), 
running in oil, are arranged to pro- 
duce one complete rotation of the 
table top per minute, and it is 
planned to incorporate a revolution 
counter which is operated through 
a clutch by the same switch as that 
used to open the shutter to com- 
mence irradiation. Under the gear 
box, and centered on the axis of 
revolution, a system of guides and 
rollers to be attached to the under- 
side of the chassis (as shown in 
Fig. 2) will enable one to wheel the 
table on to a single central rail (A) 
which lies in the one vertical plane 

PLAN OF TABLE LOCATING DEVICE in which the axis of the beam can 

(ATTACHED TO UNDERSIDE OF CHASSIS) be moved, thereby facilitating the 

Figure 2. subsequent tube setting by making 

centring automatic. The rail is 

removable so as to leave no obstruction when the table is wheeled aside 
when non-rotational treatments are given. 

(b) The table top is driven by a central spindle, but part of the weight 
is taken by four runners (B) on a circular track (C), thus increasing the 
stability of the system. The spindle is detachable, so that the whole 
table top is removable for convenience when transferring the table from 
one room to another. The main table top supports (D) are placed above 
the outer runners, thereby leaving an unobstructed region under te 
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antral section of the table top, including the actual rotation axis. Fitted 
i side this region, an adjustable film holder (E) has been devised which 
in rotate through 360° round the rotation axis, be moved in and out to 
ay radius and incline at any angle. With such a system, radiographic 
.ecks, aimed through the patient in any treatment position, are possible. 
‘he central portion of the table top (F) is of a transparent material 
’erspex), and an additional separate sheet on top enables the radiographer 
» move the patient until the appropriate skin mark lies on the axis of 
‘tation. The position of this axis is known by means of the transparent 
dise (G) lowered on to the patient by means of the rigid upper framework 
(H) shown, the arms of which are graduated to make precise compressions 
repetitive. The purpose of the disc, and the cone placed upon it, will be 
discussed below. 

(c) The end box-fitting (1) may be considered under »protective at- 
tachments», for apart from the comfort afforded, it enables a patient to 
lower his legs without risk of striking the table chassis or tube stand. 
Within the box, a foot-rest can be placed at any height. When not re- 
quired, the box ends can be raised to complete the table top, and in a 
thorax treatment, the legs may be bent upwards as shown, a hood (J) 
being provided for safety purposes. 

The tube illustrated (K) is a Victor Maximar Unit with the support 
arms extended by 1’ 6”, for the standard model has a relatively short 
reach. With this set-up, the table top can have a length up to 7’ 3”, 
making treatments to the head possible. The tube and stand to be used 
thus forms the only limiting factor on the table length, and must be 
borne in mind in designing a table for general use under any tube stand. 


Clinical Application 
Methods of localisation. 


In any form of radiotherapy the accurate localisation of the lesion is 
essential to success, and the methods of localisation described are those 
used in all forms of treatment. It cannot be stressed too strongly that any 
surface marking must be made with the patient lying in the treatment 
position and if this is neglected it is possible to miss a tumour completely. 

Clinical judgement. By digital examination of the pelvis the approxi- 
mate extent of a pelvic neoplasm may be determined and surface markings 
a»plied. Error is likely to arise, however, if the patient is large or other- 
wise difficult to examine, even under anaesthesia, and the skill and ex- 
perience of the clinician largely determine the accuracy of the localisa- 
ton. In screening the thorax experienced clinicians may be able to surface 
riark a carcinoma of the bronchus accurately but the method is so liable 
t» error that it should not be relied upon. 
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Plate 2. 
Localisation by means of inactive radon seeds. 


Inactive Radon Seeds. The co-operation of the specialists in any 
particular region should be sought so that during the course of investige- 
tions, e. g. a bronchoscopy, not only can the lesion be described but in- 
active radon seeds can be placed within the tumour. Subsequent screening 
and surface marking then become an accurate and simple manoeuvre. 
It is advantageous to place inactive radon seeds in the margins of the 
tumour and by means of the shadow shift method of foreign body localis::- 
tion, the size and depth of the tumour may be determined. Plate 2 r- 
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oduces the radiograph of a case of 
- reinoma of the rectum, found to 

inoperable at laparotomy, in which 

is method of localisation was adopt- 

; after rotation roentgen therapy, 

00 r in four weeks, the lesion 

‘came mobile and was removed suc- 
«ssfully and the patient is alive and 
well eighteen months later. 

Contrast media. In cases of car- 
cinoma of the bladder a contrast me- 
dium is introduced and the filling 
defect localised by radiography. It 
is important, as in all localisations, 
for a good lateral view since the 
depth of the lesion from the body 
walls is of vital importance in rotation 
therapy. 


Sites treated. 

A list of sites in which rotational 
therapy has been used is given below 
and the treatment of pelvic condi- 
tions, in which this method is so 
useful, will be discussed in detail, 
Conditions that have been treated 
include carcinoma of the cervix, the 
body of the uterus, the ovary, blad- 
der, rectum, bronchus, thyroid, tongue 
and brain. Cases of carcinoma of the 
oesophagus bave been treated, but 
the method is not usually applicable 
for two reasons: the shape of the 


Plate-3: 
A: Padded plaster shells (for front and 
back), held by patient. 
B: Patient set-up in shell for rotation 
irradiation to thorax. 


isodoses do not fit the contour of the lesion, and in cases of neoplasms of 
the upper half in kyphotic patients the tilting necessary to bring the 
lesion into the horizontal plane is not tolerated by the patient and the 
legs are liable to foul the roentgen tube. 


The setting. 


In setting the patient two further variable factors have to be eliminated 
a: far as possible. Experienced clinicians well recognize the degree of 
vsceral shift which occurs when the body lies in different positions. In 
cises of thoracic disease, plaster beds supported on wooden frames are 
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used, as in the treatment cf 
tuberculous disease of the spin: ; 
at first made individually, . 
collection was formed froia 
which subsequent patients were 
fitted. An example is shown ia 
Plate 3 (A). A model is now in 
production which is sectioned 
and the four parts are adjust- 
able to fit any patient. The 
localisation is performed with 
the patient in the case and 
therefore in the treatment posi- 
tion. The complete setting is 
shown in Plate 3 (B). 

In pelvic cases in women, 
advanced disease often fixes the 
anatomy so that visceral shift 
does not occur, but in cases 
such as Stage I carcinoma of 
the cervix, a shift of up to 5 
cms. has been demonstrated. To 
overcome this a method was 
devised to stretch the support- 
ing ligaments and make the 
cervix a fixed point. The ap- 
paratus used is illustrated in 

Plate 4. Plate 4(A). The rubber-covered 
A: Adjustable cervix localiser apparatus. perspex locator is mounted on 
B: Localiser apparatus in use for rotation a brass rod and passes into the 
irradiation to cervix. vagina, the lip fitting into the 
posterior fornix. The distal end 
of the rod fits into a perspex block which slides in a graduated vertical 
support. By this means the cervix can be placed at a known depth 
from the anterior and posterior body walls. Extrusion is prevented by 
a collar which presses against the block. The whole is mounted on 
an aluminium plate upon which the patient lies. Attached to the vertical 
support is a detachable right-angled arm, the tip of which lies 2 cms. 
beyond the locator. This point 2 cms. above is chosen so that the centre 
of rotation is on a level with »Point A». 
It has been explained in the description of the table and its accessorivcs 
that it is necessary to compress the patient to a known thickness so thet 
the treatment conditions do not vary from day to day. Methods pre- 
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Plate 5. (See text.) 


vicusly adopted have utilised plaster casts and complicated gigs but 
a circular perspex plate is eminently suitable and is more economical 
then the construction of apparatus for each indivual patient. With this 
plete the body conforms more closely to a geometrical shape which 
assists dosage determinations considerably, and by its compression the 
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air gaps are reduced; a single semi-lunar bolus bag has been found ade- 
quate to close them. 

With all the preliminary steps completed the actual setting of the 
patient is simple and is depicted in Plate 5, which demonstrates it for a 
case of carcinoma of the bladder. The patient lies on the table with the 
localising surface marking exposed. The perspex disc (A), by which cen:- 
ring as well as compression is effected, is then pressed down so that iis 
central hole is exactly over the marking. The amount of compression, 
measured by the table-dise distance, is recorded for future settings, and 
the necessary data given to the physicist to enable him to derive the 
appropriate factors to be used to place the region of continuous irradia- 
tion around the tumour. The derivation and choice of the necessary 
factors for this purpose is fully discussed in Part II. The next stage 
(carried out on the next visit of the patient) consists in placing a central 
lead protective disc (B) of correct diameter over the central area to pre- 
vent any accidental overlap of radiation on the skin, and the appropriate 
wax cone (C) is added. The purpose of this cone is also discussed in Part 
[1. The tube is then set at the specified angle, and the table placed so that 
the edge of the applicator end is at the correct distance from the rota- 
tion axis, thereby ensuring that the beam axis passes through the axis 
of rotation at the desired depth. To facilitate positioning, measured 
concentric circles are marked on the perspex disc. Trial rotations follow 
to ensure that the beam is correctly placed and the applicator margin 
remains over the given circle. The setting is now complete and treatment 
is begun. Plate 4°(B) shows the setting for a case of carcinoma of the 
cervix with the stabiliser in position. For this site, it is usual to place 
a 2cm. lead rubber strip down the midline of the patient to protect 
the vulva and introitus and to prevent overdosage of the cervix which 
is adequately dosed by radium. The exception to this is in cases of 
primary roentgen therapy for the proliferative type of cases where the 
cervix itself is the intended site of treatment. 

When treating through the anterior abdominal wall a rubber, mer- 
cury-filled, tube is passed into the rectum to protect the lateral and 
posterior rectal walls. This lessens the patient’s discomfort due to diar- 
rhoea which occurs, as in any form of pelvic irradiation. 

The true pelvis is approximately spherical in shape and by using the 
correct setting factors the spherical zone of even irradiation can be made 
to fit it. Since advanced carcinomata of the cervix spread laterally and 
backwards, the whole of the true pelvis is virtually affected and has to be 
treated. It is seen, therefore, that the method provides a very effective 
and simple method in delivering a high tumour dose without undue 
constitutional upset. The results in practice in this type of case have 
proved very satisfactory. 
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sage. 

As in any method of radiotherapy the tumour dosage must be as 

urately determined as possible and since biological factors influenc 

‘ tumour response the problem of dosage is disc vussed in detail. It will 

appreciated that however carefully a setting may be done, with com- 

ssion of the patient, with bolus or wax to close the air gs aps, ‘the patient 
1ot an homogeneous medium. Gas within the bowel and bones lying in 
the path of the beam interfere with the application of isodose charts in 
the determination of tumour dosage. Studies of these problems have 
been made but the results are difficult to apply in the living subject. 
The use of ionisation chambers decreases the liability of error consider- 
ably and in the case of the pelvis it is easy to place the chamber in the 
vault of the vagina. In other situations ionisation recordings are not 
easily obtained at the present time and isodose curves have to be used. 

The dose rate is defined as the number of r units per minute and most 
radiotherapists believe that a high dose rate should be employed. In 
the standard methods of radiotherapy only a proportion of the total 
number of fields used in treatment is used daily. This means that the 
dose rate varies throughout the tumour and because of the fall-off of 
intensity with depth the skin at the site of entry of the beam receives a 
larger dose than the tumour. As stated previously the higher intensities 
produce more damage so that in the multiple field techniques the skin 
is damaged more than the tumour. Ideally a number of roentgen tubes 
should be used and all the fields treated simultaneously but clearly this 
is impractical. In rotation therapy, however, the area of skin through 
which the beam passes is many times greater than that of the applicator, 
yet the tumour is constantly in the beam. There is, therefore, a reversal 
of the skin and tumour damage ratio. 

The body or integral dose must be closely watched, for the consti- 
tutional effects of irradiation largely depend upon it. In rotation therapy 
a large total volume of tissue is irradiated and the body dose must be 
estimated. It is found that, as a general rule, a patient will not tolerate 
more than half a megagram-roentgen per day, yet using this limit very 
effective tumour doses can be given by the rotation ‘method. It has 
_ estimated that the Integral Tumour dose ratio in rotation therapy 
and the multiple field technique in the pelvis is 1:3, owing to the 

ler fields which are used in the former. This distinctly favours the 

stional method of treatment. In practice a dose of 1,000 r in a single 

e may be given to a case of carcinoma of the cervix with safety and 

f great value when severe haemorrhage is the presenting symptom. 

the time the patient has recovered, secondary to the cessation of 

eding and general medical measures, the tumour will be found to have 
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In assessing the tumour and tissue doses the results should be e<-. 
pressed as a range quoting maximum and minimum figures and liy 
studying these, high dosages can be delivered with little danger of »h >t 
spots» and consequent necrosis. In all forms of roentgen therapy t ie 
tumour/skin ratio should be more than 100 °% and the skin dose should 
not be the limiting factor. To attain this, small beams cannot be used in 
the multiple field technique, but in rotation therapy it is found that te 


field size can be reduced to 5 cm. or 7.5 em. circular. The tumour skin 


ratio becomes 160 °%, taking the average figures of 10 cms. deep and 
treating from both sides with 7.5 circular field. Since the field is so small, 
however, the setting must be very accurately performed. 


Results. 


It is not intended in this paper to give detailed analyses but general 
remarks will be made. 

Experience of this method of rotational therapy over the past three 
years has convinced us that it is an advancement in the treatment of 
malignant disease by radiotherapy. Its virtues may be summarised thus: 
It is an accurate and precise method of delivering roentgen rays with 
little practical difficulty, it encompasses all fundamental principles in 
radiotherapy, it enables high tumour doses to be given, both in 
individual and aggregate treatments, and the constitutional effects for 
a given tumour dose are less than in other forms of treatment. 

If one is to state the type of case in which it has been found of partic- 
ular value, it is in cases of carcinoma of the cervix. 


SUMMARY 


The method of rotational roentgen therapy in the horizontal plane as used at the 
Royal Northern Hospital, London, is explained. It is shown that many carcinomata cai 
be treated with a high degree of accuracy and homogeneity and the advantages of 
this form of treatment are: (1) a high tumour-skin dose-ratio, (2) a low integral-tumour 
close-ratio, due to the use of small fields, and (3) the ability to obtain high total 
dosages in short periods of time. 

A detailed description of the rotating table itself and the accessories necessary in 
this form of treatment to ensure accurate localisation and fixation of the tumour 
is given. 


ZUSAMMENFASSUNG 


Die Methode der Réntgen-Rotationsbehandlung in der Horizontalebene, wie sie 
im Royal Northern Hospital in London zur Verwendung kommt, wird beschrieben. 
Es wird nachgewiesen, dass viele Krebse ausserordentlich exakt und homogen behan« »!t 
werden kénnen, und zwar sind die Vorziige dieser Behandlungsform: 1. hohe Tum»r- 
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H. ut-Dosierung, 2. niedrige Integral-Tumor-Dosierung durch die Verwendung kleiner 
Fc der und 3. die Méglichkeit, in kurzen Zeitspannen hohe Gesamtdosen zu erreichen. 

Der rotierende Tisch selber und die bei dieser Behandlungsform zur Sicherstellung 
ge auer Lokalisation und Fixierung des Tumors notwendigen Anordnungen werden 
ei: zehend beschrieben. 


RESUME 


Description de la méthode radiothérapique par champs tournants en usage au Royal 
Northern Hospital, 4 Londres. L’auteur démontre que beaucoup de carcinomes peuvent 
étre ainsi traités avec un haut degré d’exactitude et d’homogénéité, et que les avantages 
de cette forme de traitement sont: 1) un rapport élévé entre la dose tumorale et la dose 
cutanée, 2) un rapport faible entre la dose intégrale et la dose tumorale, grace a l’emrloi 
de petits champs, et 3) la possibilité d’arriver & des doses totales élévées en peu 
de temps. 

L’auteur donne une description détaillée de la table tournante elle-méme, et des 
accessoires que nécessite cette forme de traitement pour assurer une localisation et une 
fixation précises de la tumeur. 
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ROTATIONAL ROENTGEN THERAPY IN THE 
HORIZONTAL PLANE 
by 
Anthony Green 
W. Alan Jennings and F. Bush 


The Royal Northern Hospital and Prince of Wales’s Hospital, 
Joint Radiotherapy Centre, Holloway, London, N. 7 


PART II —- PRACTICAL APPLICATION OF THE METHOD 
FROM THE PHYSICS STANDPOINT 
by 


W. Alan Jennings (M.Sc., A. Inst. P.) 


Introduction 


The problem of delivering an adequate dose of roentgen radiation to a 
deep-seated lesion with a minimum of damage to the skin surface ne- 
cessitates the convergence of the roentgen rays on to the lesion. The usual 
means of achieving this end consists in the use of a number of beams in 
some cross-fire arrangement, thereby delivering a percentage depth dose 
in excess of one hundred. 

However, such a technique involves a series of separate tube settings, 
and as early as 1906 KouL saw the advantages of a continuously moving 
system in which the roentgen ray beam rotates about an axis 4 
through the lesion. Various other arrangements were soon devised, 
the majority of which either the patient or the roentgen tube were in 
motion, whereas in others a convergent lead diaphragm was incorporated, 
all these methods leading to a concentration of the roentgen rays over 
the lesion volume. 

Most of this work has been done in Germany, though more recently, 
rotational techniques have been described in the United States, Denmark. 
France, England and Japan. However, a high proportion of the published 
papers are purely theoretical, no clinical results being included. Further 
it is found that little information concerning the derivation of the ¢e- 
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led dosage distribution within the patient is available, nor is a precise 

tem for the centring of the patient’s lesion under rotation described 

many cases. 

Apart from the more recent work in Denmark and England, the lack 

subsequent clinical data suggests a failure to adapt the basic ideas 

a form suitable for routine and yet accurate treatments. 

In the present paper, a description of a more complex theoretical 

hnique which has been translated into practical form is given, the 
problems encountered in this adaptation having been solved in a manner 
designed to overcome the above objections, and the resulting system has 
been successfully applied for nearly four years, a succession of treatments 
having been in progress continuously since May 1945. 


Brief Survey of Possible Technique 


In 1906, Koni suggested a technique in which the roentgen tube 
revolved about a vertical axis through the patient’s lesion, the beam 
being appropriately inclined. Later, Knox (1932) extended the method 
by altering the inclination such that two or three annular zones formed 
the effective port of entry; but such a technique led to the difficulties 
of a sliding contact in the H. T. supply. 

Better systems were suggested by Pout in 1913, and first described 
by MAYER (1913) in which either the patient or the tube are in motion. 
In the former, the patient sits upon a rotating chair with a stationary 
tube aimed horizontally, whereas in the latter, the patient lies still while 
the tube oscillates in an are overhead. Both these methods have been 
investigated by numerous authors. 

The rotating chair technique was next taken up in Germany by 
DrssAUER (1937) and GUNSEL (1939), then by HawLey (1940) in America, 
by MALLET and Provux (1942) in France and by J. NIELSEN and JENSEN 
(1942) in Denmark. The latter authors have paid particular attention 
to positioning by screening during treatment. 

The arc therapy technique was taken up by ARCHANGELSKY (1929), 
RETHS (1935, 1938) and BENDER and KoHLER (1939) in Germany, by 
Fiax (1937) in America, by JENSEN (1945) and J. NIELSEN (1945) in 
Denmark, and MunsEn (1946) in England. The later authors, having 
constructed or adapted existing apparatus to perform such are oscilla- 
tions, have carefully considered the positioning of the patient with re- 
spect to the rotation axis. In some instances, the beam has also been 
in lined to this axis to gain additional zones of entry, and where the arc 
en ployed reached 180°, a complete rotation can be achieved by turning 
th: patient over. 


288 W. ALAN JENNINGS 


The use of a convergent lead diaphragm was first described by WixEs! r 
(1914) who suggested the use of a large area tube target to spread the 
source of radiation over the wide end of the diaphragm. This »sprea:|) 
can be achieved by other means from an ordinary tube: by scatter fro n 
a wax block (Raum (1922), MaraGLiano (1936)), by crystal reflection 
(BozortH and HawortH, 1938), or by movement of the tube (NaKar- 
zuMI et al. 1937, 1939, 1940), the latter system having been applicd 
clinically. 

Finally, one further system must be described, for it is this method 
which forms the basis of the technique to be described below. This tech- 
nique is similar to the one first mentioned in this survey, and is also due 
to Knox (1932). It has also been described by HENScHKE (1938). In this 
method the tube is set in an inclined position over the patient, but in- 
stead of revolving the tube around an axis passing through the lesion, 
the patient is rotated about this axis instead, the tube remaining sta- 
tionary. This change solves the H. T. supply problem, and the system 
clearly has great possibilities, for it can be used with any roentgen unit 
provided the clearance under the tube stand is adequate. 

Accordingly, this method was taken up early in 1945 by GREEN at 
the Royal Northern Hospital, and was first developed for tke treatment 
of deep-seated lesions from both sides of the patient, and later for the 
treatment of relatively superficially situated ones from one side only. 
This latter development involved the introduction of wedge filters. 
However, it must be emphasized that this method is not regarded as 
necessarily superior to the recent arc techniques referred to above, but 
as an alternative approach better suited to some cases, whereas the arc 
system would be the method of choice for others. The shape, size and 
location of the lesion are the determining factors, for the essential dif- 
ference between the two systems lies in the shape of the irradiated volume. 
The arc technique leads to a cylindrical distribution, whereas the present 
technique irradiates a cone of tissue with the skin surface as base, the 
high dosage region being near spherical and at the apex of the cone only. 
It may be added that it is hoped to develop an arc system in this same 
Department in order to have both methods at hand. 

The advantages of the system here described will be seen from the 
following account. Apart from treating the patient in a lying-down po- 
sition, it will be appreciated that this system includes the advantages of 
the rotating chair technique, for the table has been designed to enable 
patients to rotate in a sitting-up position also. However, ‘the difficulties 
of maintaining the patient accurately in position during treatment in tis 
manner are much greater than in the former arrangement. According! y, 
the lying-down technique has been found more satisfactory and forris 
the main subject of this paper. 
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Development of the Present Technique 


As originally emphasized by Knox, the primary requirement of a 
tational technique with an inclined beam is accuracy of setting, for 
en small errors in setting will lead to the displacment of the continu- 

}isly irradiated region from the tumour. For the same reason, the im- 
ybilization and comfort of the patient are equally important. 

Considering the second point first, the accurately maintained posi- 
ming of the patient has been achieved in the present technique by the 
nstruction of a series of padded plaster shells devised by GREEN, 

japed either to the front or back half of the body, and resting on hori- 
zontal struts on the flat surface of the rotating table. An illustration of 
such a shell is included in Part I (Plate 3). In this manner, not only is 
the constancy of setting ensured, but the precise repetition of the initial 
setting following localization can be obtained with ease on subsequent days. 

Secondly, with regard to the process of setting the inclined beam, a 
geometrically straight-forward system has been devised in the interest of 
accuracy and safety. This consists in placing a flat circular perspex disc 
on the patient with the disc centre over the axis of rotation, this axis 
passing through the lesion. This disc is attached by means of graduated 
rods to the sides of the table, and apart from reducing treatment distances 
by compression, it produces the desirable plane horizontal surface on the 
patient, any gaps between the plate and patient being filled in by tissue- 
like wax or bolus material. Concentric circles with different radii are 
inscribed on the dise round the centre point, and these, together with the 
beam inclination, form the basis of the beam directioning. Perspex is 
suited to this task on account of its mechanical strength, its transparency 
to light for positioning, and its similarity to tissue as regards roentgen ray 
absorption. The use of a perspex disc in this manner is sufficient for the 
maintenance of the patient’s position in pelvic treatments without the 
use of the padded plaster shell referred to above; on the other hand, the 
shell is essential for accuracy in thorax settings. (Compare Plates 3 B 
and 4 B in Part L.) 

In addition to the adequate fulfilment of these primary requirements 
of a rotational technique, the main advances embodied in the present 
development consists of (a) a detailed study of the dosage distribution 

hin the patient, and (b) the attainment of a high measure of uni- 
mity in the dosage, throughout the continuously irradiated volume 

‘losing the lesion, at a percentage depth well in excess of one hundred. 
reover, as previously mentioned, this uniformity has been achieved 
ether treatments are delivered from both sides of the patient or from 
e side only, the latter method involving the introduction of a wedge 
er. 

20—490088. Acta Radiologica, Vol. XX XI. 
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Application of the Basic Principles 


As a result of the experience gained over the past 3—4 years with 
preliminary rotating table, a new model has been designed and constructe | 
embodying extended possibilities as regards tube-settings. Illustrations 
of both the original rotating table, and the new model are included i, 
Part I, plate I (B and C). Further, by extending the tube supports, it is 
possible to use a longer table, thereby making head treatments possible, 
and increasing the comfort of the patient in other cases. However, the 
principles applied are essentially unaltered, and these will now be dis- 
cussed with the aid of diagrams which are not intended to be precise, 
but rather schematic for the purpose of illustrating the application of 
these principles. 


(a) Dose contours under static conditions. 


Let us consider an inclined roentgen ray beam aimed at a lesion in a 
patient (Fig. 3 A). It is clear that the dose-rate at Point R is much greater 


APPLICATOR 


Figure 3 (A) & 3 (B). 


than at S for two reasons: (i) R is nearer the target-source than 8, and 
(ii) the roentgen rays reaching R travel mainly through air, unlike those 
reaching 8. This latter point can be rectified at once by inserting a wax' 


1 The formula for the composition of this »tissue-like» wax was provided by 8. ! 
Osporn, based on the work of F. W. Sprers (1943) and of F. T. Farmer: namely, ‘ ) 
parts paraffin wax, 6 parts MgO, and 4 parts flowers of sulphur. 
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‘dge, which, in view of the rotation of the table, takes the form of a 
1e resting centrally on the perspex disc (Fig. 3 B). Moreover, this cone 

o fulfils the function of providing a (nearly) flat surface perpendicular 
tc the beam direction, thereby making the normal static isodose charts 
divectly applicable. 

Accordingly, under static conditions, standard isodose charts such as 
that of Fig. 4 A can now be applied as in Fig. 5 A, which shows two such 
beams inclined at right angles and summated. However, the target- 
distance factor still leads to a considerable fall of dose-rate from R to 
S which can be reduced in one of two ways. Either two opposing static 


plane filter 
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Figure 4 (A) & (B). 


fields from the other side of the patient can be added (Fig. 6) or alterna- 
tively, some form of asymmetrical filter may be used. Thus, if the isodose 
curves are inclined by means of a wedge filter (EiLis & MILLER, 1944) 
as shown in Fig. 4 B, then the summation of two static beams of this 
ty;e inclined at right angles (Fig. 5 B) will also lead to uniformity of 
do:age at R and §. 

In this manner, the summation of either two static fields with wedge 
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THE SUMMATION OF TWO MUTUALLY PERPENDICULAR STATIC FIELDS TO 
INDICATE THE RESULTING DOSAGE DISTRIBUTION 


() PLANE FILTER, 


Irradiated volume dose 
gear 


THE SUMMATION OF TWO MUTUALLY PERPENDICULAR STATIC FIELDS 
THE TREATMENT BEING FROM ONE SIDE OF THE PATIENT ONLY. 


WEDGE FILTER 


\\_\_\ | 


Skin dose rate: nigh” 


Figure 5 (A) & (B). 
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THE SUMMATION OF FOUR STATIC FIELOS TO INDICATE THE RESULTING 
DOSAGE DISTRIBUTION . TREATMENT FROM BOTH SIDES OF PATIENT 


PLANE FILTER 


WAX CONE 


4, / 


Skin dose rate:high. 
Irradiated volume NY 


Percent 
rate distribution: 7 depth dese: 35% 
uniform thr 


percentages 
of surface 
dose rate. 
with back— 
scatter. ) 


Figure 6. 


filters from one side of the patient only, or four static fields without 
wedge filters, two from each side of the patient, lead to uniformity as 
revards the A—P dosage distribution, but high dosage points on the skin 
su'faces where the applicators nearly touch the patient lead to small 
percentage depth doses, and in the one-sided treatments, the lateral 
di-tribution is poor. 
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(b) Dosage distribution under rotation. 


The advantages of the above static beam summations are retaine<|, 
and the two objections involved are removed, by rotating the patient in 
both cases. 

As regards treatment from one side only, Fig. 7 illustrates how roti- 
tion increases the percentage depth dose from 12—20 % (Fig. 5 B) to 
120 % for the case shown, and automatically produces lateral uniformity 


ROTATIONAL THERAPY eae TREATMENT FROM ONE 
SIDE OF THE PATIENT ONLY 


USING A WEDGE FILTER 


APPLICATO. 
(stationary 


PATIENT AND CONE G Ronnie CE PER MINUTE 


Figure 7. 


in the dosage distribution. The reduction in the skin dosage is effected 
by the spreading of the irradiated area from a small ellipse to a complete 
annulus (inset Fig. 7), any one point on the skin being only in the beam 
intermittently. Further, the points closest to the target, and hence at 
the highest dose-rate under static conditions, are in the path of the beam 
for the shortest time, thus evening out the dosage over the annular area 
to a level below that of the uniformity and continuously irradiated lesion 
volume. 

In the case of treatment from both sides of the patient, rotation main- 
tains the uniformity of irradiation throughout the lesion volume as shown 
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ROTATIONAL THERAPY 
USING A PLANE FILTER 


N 
APPLICATOR 
(stationary) 


\ 


Skin dose rate: low \ Py 
/ Percentage 


terradiated volume dose 
rate distribution X depth dose: 175 %%o 
Gaitorm throughout 


APPLICATOR ercentages 
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(with back scatter) 


scale 
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PATIENT AND CONE ROTIATE ONCE PER MINUTE 


Figure 8. 


in Fig. 8, whereas the relative skin dose is reduced as in the former 
instance to an even lower level, raising the percentage depth dose from 
35 % (Fig. 6) to 175 °% for the case illustrated. 


Treatment from One Side of Patient Only 


If a lesion is close to the skin surface, then it is possible to give irra- 
di tions with a percentage depth dose well in excess of 100 % from one 
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side only, any contributions (if given) from the patient’s other side being 
necessarily low. Further it may be impracticable or undesirable to delivir 
dosage from the other side, and it has been shown above that uniformity 
of irradiation can be achieved without such contributions by the use of 
asymmetrical filters. Such filters generally take the form of some type «f 
wedge filter, their purpose being both to straighten and incline the do:e 
contours into approximately straight lines parallel to the rotation axis. 
For this purpose, BusH has devised a »harmonic» filter, the constant of 
which is determined from the measured absorption curve of the radiation 
used. Details of both this type ef filter, and of an »eccentric» filter which 
may also be used in a similar manner, are given in Part III. Further, a 
possible additional refinement consists in the use of double wedge filters, 
for the curvature of the isodoses is useful in the vertical direction but 
not in the horizontal plane, and hence only the latter contours need 
flattening. 

In planning the treatment, it is evident that a number of variables 
are at hand: namely, (1) applicator diameters — 5.0 cms. and 7.5 cms. 
being found most useful, (2) inclination of the beam — generally between 
30° and 60°, and (3) the aiming radius about the rotation axis (as inscribed 
on the perspex disc) —- up to 14 cms. having been used on the present 
rotating table, though a larger maximum value is planned for the new 
table. These latter variables entail the construction of a series of wax 
cones covering a range of radii and side inclinations, the nearest to the 
correct one being used for individual cases. The derivation of the most 
suitable conditions will be described below. 


Treatment from Both Sides of the Patient 


If a lesion is situated at some depth from the skin, either centrally 
disposed or not, it is treated from both sides of the patient if possible. 
If it is mid-way between the anterior and posterior skin surfaces, the same 
setting from each side can be used, no wedge filters being necessary as 
previously explained. 

If, however, the lesion is not central, the tube inclinations will differ 
in the two cases, and uniformity of irradiation can be achieved by one 
of two methods. Either (i) wedge filters of different inclination (7. e. 
different harmonic factors) could be used on the two sides, such that the 
dose contours are parallel to the rotation axis in both instances, and an 
equal number of rotations given from each side (7. e. giving similar s/n 
doses), or (ii) by the use of a partially correcting wedge on the near side 
and none on the far side, a differing number of rotations being given on 
the respective sides such as to produce uniformity of dosage as required, 
bearing in mind the relative skin doses. The latter alternative has been 
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-,osen in the interest of a higher dosage-rate, and the following com- 
omise adopted: 
When the ratio of the perpendicular depths 
ear side to lesion conten) 1.0 


. : -, no wedge filter is used, and an equal 
ar side to lesion centre 1.5 


se delivered to the lesion centre from each side (with different 
.ttings), provided the ratio of the number of rotations from the two 
ides is not more than 1.5 (far side) to 1.0 (near side). Whereas, if the 
ove ratio of perpendic ake depths is ~ 1/2, a wedge filter should be 
used on the near side, but not on the far side, and 2 rotations given on 
the near (wedge) side to every 1 rotation on the far (open) side. This 
gives a more uniform dose to the lesion volume, and approximately 
equal doses to the two skin surfaces on account of the reduced skin 
dose rate when a wedge is in use. 


Dosage Rate, Filtration, and Focal-Skin-Distance under 
Rotation Conditions 


The use of wedge filters, and the inclined entry of the roentgen ray 
beam into the patient, both entail a reduction of the beam intensity at 
he lesion centre, and in view of the desirability of keeping down treat- 
ment times as far as possible, it has been found necessary to reduce 
the tube filtration and focal-skin-distance to a minimum at the expense 
of a small loss in percentage depth dose 

The reduction of the focal-skin-distance is limited by the need for 
adequate clearance between the patient on the rotating table and the 
tube casing, an F. 8. D. of 35 cms. being found practicable for both a 
Victor K. X. 3. and a Maximar Unit. The applicator end itself is at 
34 ems. F.8. D., one cm. being allowed for clearance between the wax 
cone surface and the applicator. 

The filtration used has been reduced to 0.25 mm. Cu (inherent) + 1 mm. 
Al which at a (pulsating) tube potential of 200 K. V. leads to a half value 
layer in copper of 0.5 mm. Cu. It will be recalled that the beam travels 
through the wax cone and perspex disc before reaching the patient, and 
in about half the cases treated, a copper wedge with aiuminium base 
is also in use. Such a beam quality is unfortunate from the standpoint 

designing the wedge filter on account of the high proportion of scat- 

ed radiation under these conditions, but by this means, the (uniform) 
ose-rate over the lesion volume is raised as far as possible with a view 
ensuring reasonable treatment times. Thus, under practical conditions, 
se-rates of the order of 20r/minute when no wedge filter is in use, and 
10r/minute when a wedge is included, have been found to be average 
icures. By arranging for the table to rotate once in a minute, the r/min. 
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become r/rotation, and it is easy to specify treatment in terms of a given 
number of rotations per day. 

It will be noted that although the no-wedge filter result is reasonab]., 
the wedge filter case dose-rate is still undesirably low, and unless the 
lesion is close to the skin surface, it has been found impracticable to 
apply the full correction for uniformity of irradiation. Thus, a single 
wedge filter, derived for uniformity of dosage for shallow lesions, has been 
used for all treatments from one side only, a compromise being involved 
as the beam inclination to the horizontal is increased. (See »Uniformity 
of dose» section in Part III.) 

The need for a greater dose-rate, 2. e. tube output, clearly demands the 
use of higher K.V’s (250—1,000), for not only would the output be grea- 
ter, and greater F. 8. D’s and filtration practicable, but the smaller pro- 
portion of scatter would reduce the loss incurred in inclining the dose- 
contours by means of wedge filters. This problem is also considered in 


Part ILI. 


Percentage Depth Dose under Rotation Conditions 


The following figures, found in practice, may be of interest as an 
indication of the order of percentage depth dose which can be achieved, 
even under the relatively unsatisfactory Tube conditions described above. 

Expressed in terms of the perpendicular depth of the lesion centre 


from the skin surface, and limiting the disc radius choice to 14 cms. 
for all 7.5 ems. diameter applicator settings, and to 12.5 ems. for all 5.0 
cms. diameter applicator ones, we have: 

(i) Treatment from one side only (using a wedge filter), the percentage 
depth dose falls from 132 % to 100 °%, as the perpendicular depth in- 
creases from 8 to 10.5 cms. for a 7.5 cm. diameter applicator; and from 
240 %, to 100 %, as the perpendicular depth increases from 5 to 11.5 cms. 
for a 5.0 cm. diameter applicator. 

(ii) Treatment from both sides (no wedge filter); the percentage depth 
dose falls from 189 °% to 100 % as the perpendicular depth (at the mid- 
point) increases from 8 to 14 cms. for a 7.5 cms. diameter applicator; 
and from 345 °% to 100 % as the perpendicular depth increases from 5 to 
14.5 cms. for a 5.0 cms. diameter applicator. 


Derivation of Appropriate Tube-Settings 


The use of rectangular fields under rotation conditions is discussed 
in Part ILI, but as circular applicators are found to be superior, on!y 
the latter will be considered here. 

The shape of the continuously irradiated volume is shown in Part I'l 
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ti take the form illustrated in Fig..9 (A) and (B), the elongation of the 
v lume of rotation for a particular beam diameter varying considerably 
w th the tube inclination. This fact, together with the variation in actual 


inclineticn 


ONE BEAM WIDTH aT 
TwO INCLINATIONS 


Figure 9 (A) & (B). 


volume dependent on the applicator diameter provides a valuable range 
of shapes from which to find the best »cover» for the lesion. The depth of 
the lesion to the skin and its dimensions must first be determined by 


means of radiographs, digital 

examination, etc. possibly as- Two celluloid beams 
sisted by anatomical cross-sec- 
tion charts. 

In order to facilitate the 
rapid positioning of the roent- 
gen ray beam, and hence to 
derive the relevant tube-set- 
ting, Busu has devised a trans- 
parent double-beam direction 
device, the theoretical basis of 
which is given in Part III. 
sriefly, the two beam sections 
am celluloid) indicate the 
beam spread from a series of 
applicator diameters, and down 
the centre line of each a slit is 
cus (See Fig. 10). A protractor- 
like dise is attached by means 
of a pin passed through the two Figure 10. 


SIMPLIFIED DOUBLE BEAM DIRECTIONING DEVICE 
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Plate 6. 
Set-up to take rotation radiographs. A roentgen film (F) is seen in the vertical plane 
between two hemi-cylindrical wax phantoms. 


beam slits to a smaller anchoring disc at the rear, the main disc serving 
to measure the beam, and hence tube, inclination. With this system it 
is clearly a simple matter to adjust the beam position such that they 
cross at the correct depth to the skin, and then to choose the appropriate 
dise circle and thence tangential beam width best fitted to cover the 
lesion. The sides-of the chosen beams, pertaining to a particular appli- 
cator are then fitted to points AA on the perspex disc, these points 
corresponding to those lying on one of the inscribed circles at a partic- 
ular radius. In this way the appropriate tube setting is derived in 
terms of (1) applicator diameter, (2) beam inclination, and (3) perspex 
disc radius. 

In addition, one further factor is included in the interest of safety, 
lest an error in setting should occur, viz. the radius at the perspex disc 
level, which is not irradiated at the centre. The area defined by this radius 
is then covered by a 3 mms. thick lead disc to obviate any possibility 
of the roentgen ray beam »crossing» at the skin level under rotation. 
(See Fig. 7.) 

In choosing the beam diameter and inclination to »cover a lesion a 
number of considerations must be borne in mind in order to provide the 
best treatment under rotation. In Part III, it is shown that the maximum 
vercentage depth dose is obtained when (a) the smallest field which in- 
cludes the lesion, and (b) the largest beam inclination to the vertical 
are used. The latter factor leads to a minimal actual dosage rate, aad 
requires a large disc radius — which is limited in practice. Moreover, t 1¢ 
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Plate 7. 


Example of a rotation radiograph for a non-wedge irradiation from both sides. 


integral dose will also be affected. (See Part III.) Accordingly, although 
a high percentage depth dose is highly desirable, a compromise solution 
has to be adopted in practice for each case. This procedure becomes 
simple under routine conditions, as will be explained below. 


Rotation Radiographs 


Having determined the four factors listed above which govern the 
ti be-setting, a convenient preliminary check on the method consists in 
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taking radiographs under a series of such conditions. This may be don 
by rotating a piece of roentgen film placed in a vertical plane betwee i 
two hemi-cylindrical wax phantoms on the treatment table as shown i) 
Plate 6. One complete rotation under a reduced tube current provide; 
the necessary blackening to indicate the size and position of the cor- 
tinuously irradiated region, as required for each group of tube-settin z 
conditions. If sufficient care is taken in this process, a rough indicatio. 
of the intensity distribution can also be observed. Plate 7 shows an 
example. 


Dosage Derivation, General Remarks 


The derivation of dosage distribution in rotation technique is a rela- 
tively complex problem, and a number of courses are open. For example, 
DessAvER (1937), Haw ey (1940), and particularly H. Nretsen (1948), 
relied upon ionization measurements made in phantoms simulating 
patients on their rotating chairs, the latter author adjusting the phan- 
tom to correspond to chosen regions of the body by embedding bones 
or including air cavities. Similar methods (not including bones or air 
cavities) were adopted by FLax (1937) for his arc therapy technique, 
whereas J. NIELSEN and JENSEN (1942) also took such measurements 
during actual treatments. In a series of papers Du MESNIL DE RocHEMONT 
(1937—38—39—40—41—43—44) on the other hand, made use of ex- 
perimental data for static beams, deriving the variation of dose-rate with 
time at a series of points under rotation conditions. Thence, by inte- 
gration, the dose received per rotation at these points was derived, the 
calculations being applied to the techniques of both DessavER and 
Fax. More recently, MUNSEN (1946) has extended this method of calcula- 
tion in the case of the arc technique to include the formerly neglected 
scatter contributions from regions outside the primary beam. 

The application of these methods to the derivation of the dosage 
distribution in the present technique has followed similar lines. Thus, 
the dose received at any point, whether in the beam continuously or 
intermittently, at variable dose-rates has been derived by integration 
of the time-dose rate relation for a complete rotation, the data being 
derived from a consideration of the static dose contours at a series of 
time instants at chosen intervals under rotation. Although this ap- 
proach has formed the basis of the dosage calculations, measurements 
have been made by means of ionization chambers in phantoms under 
rotation conditions in order to check the findings in a series of prelimi- 
nary cases, and such measurements have also been made during actual 
treatments. 
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Derivation of Static Beam Isodose Charts 


The first requirement, then, is the derivation of isodose charts for 
static beams employed both with and without wedge filters. In the 
ver instance, the dose contours in a section cut by a plane containing 
beam axis remain unaltered as the plane rotates about that axis, 
when wedge filters are employed the isodose pattern alters as the 
ne rotates. 
As regards non-wedge beams, standard isodose diagrams apply. On 
other hand wedge filter isodoses presented a more difficult problem, 
for the available data was inadequate for our purposes. Accordingly, 
both experimental and theoretical approaches to the problem were made, 
the former consisting of phantom ionization measurements under la- 
minated wedges constructed of 0.15 or 0.10 mm. thick copper sheeting 
backed by 1 mm. aluminium, such a method providing a means of varying 
the wedge inclination in order to derive the desired dose contours. At 
the same time BusH made a more general survey of the problem from a 
theoretical standpoint, and produced a filter which gave the desired 
result. This filter, termed »harmonic» on account of the values of the 
primary beam transmitted at equidistant points across the filter being 
successive terms of a harmonic progression, is based on a factor determined 
from the measured absorption curve of the radiation used. 
For a homogeneous beam, the filter section would be curved, but for 
a heterogeneous beam, the increased absorption of the softer compo- 
nents of the beam leads to a flattening of the filter section which approxi- 
mates to a plane wedge' at the beam quality employed here, and which 
had been found suitable by the experimental work referred to above. 
Once the harmonic factor is determined, or in this instance the slope of a 
plane wedge filter section is found, the area can be extended directly 
from the narrow edge to cover any applicator. 


Dosage Derivation at Points under Rotation Conditions 


(a) At points within the beam lying on the axis of rotation. 


It is evident that the dose-rate at points lying on this axis will remain 
constant throughout the complete rotation in all cases, and accordingly, 
their values can be read off from the appropriate static isodose chart. 
The position of the points in question on this chart can be derived by 
the use of the beam direction device described on page 299. 


The thickness increasing by 1.5 mm. Cu for every 4 cms. width up the slope. 
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(b) At points not lying on the axis of rotation. 


Two classes of points require consideration: 

(i) for those lying within the continuously irradiated volume, t ie 
dose rate at any point will oscillate between a certain maximum a id 
minimum value as different isodose lines pass through it during ea:h 
complete rotation; 

(1i) those points lying outside the continuously irradiated volume, 
but intermittently within the path of the beam, will receive a certwin 
dose for part of each rotation. The derivation of this dose will depend 
the position of the point, and the dose-rate will vary a little during the 
intermittent irradiation. Points lying on the skin are included in tis 
latter class. The dose received during a complete rotation by points of 
either class can be derived by integrating the time-dose-rate relation 
which must first be found for a series of instantaneous positions from the 
static isodose charts. This process is described in detail in Part IIT, bot! 
for rotations with no wedge filter and for the more complex case of rota- 
tions under wedge filtration. On the otber hand, once the full dosage 
distribution under rotation has been derived by integration for a range of 
tube settings, it is generally possible to gain sufficient information from 
the knowledge thus available, together with a consideration of the dose- 
rate at points on the axis of rotation (which can be derived directly) 
for routine planning. 


The Application of the Rotational Technique to Individual Treatments 


(a) The preparation of standard reference charts. 


As previously explained, in order to analyse the dosage distribution 
under various tube settings, it was necessary to carry out detailed cal- 
culations for a series of cases covering a range of (i) patient thicknesses. 
(ii) irradiated volume dimensions (elongation, and lateral diameter). 
and (ii) depth of volume-centre below skin surface. Thus, by means of 
the double beam direction device, subsequently checked by rotation 
radiographs, these charts were then defined in terms of: 


applicator diameter. 

radius on perspex disc. | 

, beam inclination. 

whether (and which) wedge 
filter used. 


wax cone radius and inclina- 
and hence tion, and central lead pro- 
| tection radius. 


By integration, the dosage distribution including skin dosage, \vas 
derived for these cases, the dose-rates being related to the tube 
output. 
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) The use of the standard charts in planning individual treatments. 


In many cases, it is possible to make use of these detailed standard 
c \arts relating to the available applicators, filters and wax cones for the 
t be and beam quality in question, in finding the treatment set-up for a 
p rticular case. Thus, standard charts whose conditions approximate most 
c »sely to the precise requirements of the case in hand can be used to 
d rive the necessary factors for the tube settings and dose-rates by inter- 
p lation. When the full radiation distributions are known to be uniform 
over the treated volume from neighbouring charts, the actual dose-rates 
can be ascertained from the rotation axis figures read directly. 


Note concerning the effect of bones and air cavities on the dosage distribution. 


In conclusion it must be mentioned that the method of dosage calcula- 
tion employed applies to a homogeneous medium, and that the effects of 
increased absorption in bones, and of reduced absorption in air cavities, 
have not been taken into account in this paper, though work is in progress 
to evolve a simple means of allowing for such effects. 

In this connection, the work of H. NreLsen (1948) is of particular 
interest, for he has made a large number of ionization measurements to 
study these effects in the rotating chair technique. Thus, for a thorax, 
the inclusion of air spaces (to correspond to the lungs) and of the vertebral 
column into a wax phantom are found to exert a marked influence on 
the shape of the isodose curves. Similarly for the pelvic region, detailed 
dosage charts have been obtained. 

As the absorption properties of bone depend upon its water content, 
it is planned to make corresponding measurements here for the present 
horizontal rotation technique by means of a water-filled »perspex» body, 
the relevant bones being appropriately suspended within the medium, 
the transparency facilitating the placing of ionization chambers at chosen 
points. 
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SUMMARY 
A survey of the various rotational techniques which led to the adoption of rotation 
'1e horizontal plane is given. It is shown that an even dosage distribution can be ob- 
‘d by the use of two fields, front and back without added applicator filtration, and 
21—490088. Acta Radiologica. Vol. XXXI. 
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by the use of one field using wedge filters. The dose rate, filtration, focal skin distance ar ] 
percentage depth dose are discussed and the need for compromise explained. The deriv - 
tion of tube settings is discussed and the dosage distribution on and off the axis of rot 
tion considered. The practical application of the method by the use of standard referen ¢ 
charts is given. 


ZUSAMMENFASSUNG 

Es wird eine Ubersicht gebracht iiber die verschiedenen technischen Rotatior s- 
methoden, die zur Verwendung der Rotation in der Horizontalebene gefiihrt haben. 
Es wird nachgewiesen, dass eine gleichmissige Verteilung der Dosis durch die Verwendu ig 
von zwei Feldern — vorn und hinten, ohne zusitzlicher Applikatorfiltration — und bei 
Verwendung nur eines Feldes durch ein Keilfilter erzielt werden kann. Die Dosierung, «ie 
Filtration, der fokale Hautabstand und der Prozentsatz Tiefendosierung werden he- 
sprochen und die Notwendigkeit von Kompromissen erklirt. Die Bestimmung der Ein- 
stellung der Réhre wird besprochen und die Dosenverteilung in und ausserhalb der Rota- 
tionsachse beachtet. Die praktische Verwendung der Methode durch Benutzung von 
Standardtabellen wird gebracht. 


RESUME 


Revue des diverses techniques 4 champs tournants qui ont abouti 4 l’adoption de la 
rotation dans le plan horizontal. L’auteur montre qu’on peut obtenir une distribution 
réguliére de la dose soit en se servant de deux champs, un antérieur et un postérieur, sans 
filtration supplémentaire par applicateur, soit en ne se servant que d’un seul, et de filtres 
& coins. Le taux de la dose, la filtration, la distance du foyer a la peau et le pourcentage de 
la dose en profondeur sont lobjet d’une discussion, et la nécessité d’un compromis est 


expliquée. La discussion porte aussi sur la dérivation des montures du tube, et l'on s’oc- 
cupe de la distribution du dosage relativement 4 l’axe de la rotation. L’auteur indique la 
facon d’appliquer la méthode dans la pratique en utilisant des barémes standard. 
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by 
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PART III THEORETICAL CONSIDERATIONS 
by 


F. Bush (M.A., M. B., D. M. R. E.) 


The mathematical problems which have had to be dealt with in con- 
nection with rotational therapy may be classified as follows: 

(1) Calculation of average dosage rate, (2) the size and shape of the 
irradiated volume, (3) the delivery of uniform dose in this volume, (4) the 
question of maximal percentage dose attainable, (5) the energy absorp- 
tion or body dose. 


1. Caleulation of Average Dosage Rate 


Points lying on the axis of rotation of the patient are fixed and the 
dosage rates at ‘these can be determined in the usual w ay from an isodose 
diagram, but all other points are in motion relative to the tube, and the 
dosage rate is continually changing, and to calculate the average dosage 


rate it 1s necessary to resort to some form of numerical or graphical 


integration of | Idt where I is the momentary dosage rate at time t 


and T is the period of a half cycle. The motion of any point in the patient 
can be represented on an ordinary isodose diagram in the following man- 
ner: 


(a) Without a wedge filter. 


When a circular field is used without a wedge filter, as the surf: 
of the wax cone is always parallel to the surface of the applicator, t 1e 
isodose surfaces will be symmetrical about the central axis of the bea, 
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d all longitudinal axial sections of the beam will show the same isodose 
ram. 

In Fig. 11, OY is the axis of rotation of the patient, AB the central 

is of the beam, P a point in the patient in the same plane and ABCD, 
|2 isodose diagram of the half 

‘tion of the beam in which P is Cc 

ng. As the patient moves, P will 

ve in a circle at right angles to 

» paper, at the same time ABCD 
‘an be rotated about AB as axis, 

that P remains in the plane 
ABCD, and P will describe a cer- 
tain path in ABCD. The dosage 
rate at P at any moment will be 
determined by its instantaneous 
position in ABCD. This path of P 
can be deduced and drawn on 
ABCD in the following way. 

The distance of P from T, the 
point of intersection of the axes of 
rotation and of ABCD is constant, 
hence the path of P in ABCD is 7 
an are of the circle PVXZ the Figure It. 
centre of which is at T. Suppose 
the patient to be rotated so that P is vertically over Q, its position in 
ABCD must be on RV the perpendicular to AB passing through Q, 
and it is therefore at V, the point of intersection of RV and PVXZ. 
As P moves uniformly in a circle, Q will perform simple harmonic 
motion between P and L, and V (that is P) will oscillate along the 
are PVL accordingly. 

Hence to calculate the average dosage rate at a point P, the axis of 
rotation OY is drawn on an isodose diagram, and P is marked in its 
position relative to this. With the point of intersection of the axis of 
rotation and the centre line of the beam as centre, a circle is drawn 
through P, and the chord PL is drawn at right angles to OY, PL is divided 
into ten equal parts and the chords through these points perpendicular 

\B are drawn, giving the corresponding positions of V (or P). 

The total dose during the half cycle may be found in one of the follow- 
Ing ways: 

Q is performing simple harmonic motion along PL, and the time 
it pends in passing along each of the ten parts of PL, expressed as a 
fra tion of the period of “the whole half-revolution, is easily calculated 
fron the cosine equation for s. h. m. 
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If each of these times 
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is multiplied by the dosage rate given by 


when Q is at the midpoint of the section, the sum of these products w | 
give the total dose received during the half-revolution. 

A more convenient method which dispenses with this arithmetic s 
to draw the curve of the dosage rates plotted against the times, e::- 
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DOSAGE-RATE. 


z= TIME FOR AHALF-REVOLUTI ON.— 
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pressed as fractions of the 
through the points P, 


The area under the curve, 


Figure 12. 
period of a half-revolution, at which Q passes 


9, L. Such a curve is shown in Fig. 12. 
measured with a planimeter, gives the dose 


received during a half-revolution. 


(b) With a wedge filter. 


When a wedge filter is used, the above method has to be modified, 
because owing to the asymmetry of the beam, as the plane ABCD rotates, 
the isodose pattern in it will change and it is necessary to be able to 
determine the position of the isodoses in ABCD for any angle it makes 
with the paper. For this purpose isodose diagrams have been prepared 
for each wedge filter in a plane, along the line of maximum gradient 
of the filter and in planes at 30°, 60° and 90° to this. These are all drawn 
on one diagram as shown in Fig. 13 and for intermediate angles the posi- 
tion of the isodoses can be estimated by interpolation with a sufficient 
degree of accuracy for the present purpose. When P is above Q (Fig. 11) 


it can be seen that @. the 


given by the equation 6 = cos“ 


angle ’ hich ABCD makes with the paper. is 
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To determine the value of 6 by calculation from this equation for 
ry position of Q would be very tedious, but this calculation may be 
oided by the following device. It can be shown that if NRM and NVM 
two parabolas, passing 
ough R and V respectively 
g. 11) and having a com- 
m focus at Q, the angle 


Wedge filter 


MQR =cos->W@ 9, 
WV 

nee, if the diagram shown 

Fig. 14 consisting of a 

imber of confocal parabolas, 
and provided with a protrac- 
tor scale with centre at the 
common focus of the para- 
bolas, is drawn on tracing 
paper or other transparent 
material; by placing this so 
that 0 the common focus is 
on Q, and AB lies along RV, 
6 can be read off the protrac- 
tor scale by laying a ruler 
between 0 and the point of 
intersection of the parabolas 
passing through R and V. 

Referring back to Fig. 11, HARMONIC FILTER, Bems. FIELD 

it will be seen that RV cuts Figure 13. 
the circle PVXZ at two 
points R and V and either of these ‘points might have been selected 
as representing the position of P, and in the case of the symmetrical 
beam when no wedge filter is used it is immaterial which is used, 
as the path PVL is equivalent to the path PRL. Also, for the sake 
of clarity of description and illustration, only the half isodose diagram, 
ARCD, was used. When however a wedge filter is used, it will be seen 
thet it is necessary to use the whole isodose diagram, shown in Fig. 13, 
an it matters considerably whether R or V is used. The rule to be ob- 
served in choosing the correct one of the two possible positions of V, for 
ea h position of Q, is that Q and V must always be on the same side of 
th central axis of the beam. The apparent break in the continuity of 
th: path of P when Q crosses AB is due to a three-dimensional path 
be ng reduced to a two-dimensional diagram. 
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Figure 14. 


2. Shape of the Continuously Irradiated Volume 


If P is in such a position in the patient that it is continuously irra- 
diated throughout a whole rotation, its path PVL (Fig. 11) must lie 
wholly within the limits of the beam. From this it can be shown that the 
shape of the section of the constantly irradiated volume is as shown in 
Fig. 15, in which the patient has been as- 
sumed to be still and the tube rotated. T is 
the point of intersection of the central axis 
of the beam rotated and of the axis of 
rotation, and AD and BC the limits of the 
beam when the tube is in the plane of the 
paper, AB and DC the limits when a half- 
rotation has taken place and the tube is 
again in the plane of the diagram. 

With centre T is drawn the circle which 
is included in the quadrilateral ABC). 
The section of the continuously irradiat »d 
volume is the figure APCQ, bounded abc ve 
Figure 15. and below by the sides of the quadrilate al 
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BCD and at the sides by the two arcs of the circle to which these 
e tangents. The actual volume radiated is of course the solid of revolu- 
m of APCQ about AC. 

The contrivance described for planning the setting of the field de- 
ribed in PART II is based on this theory. 

Circular fields only have been used in treatment. It might be thought 
at rectangular fields would prove more useful by giving a different 
ape to the volume which is always irradiated, but the change i in shape 
this volume which can be produced in this way is very limited. 

In the case of a rectangular field the quadrilateral ABCD, Fig. 15, 
is formed in the same way as for a circular field by the upper and lower 
imits of the beam, but the two ares P and Q are replaced by two vertical 
straight lines, the distance between which is equal to the horizontal 
width of the beam at T. If this width is equal to or greater than BD, 
the whole quadrilateral ABCD is the section of the irradiated volume, 
and further increase in the width of the beam will make no difference to 
the volume which is always in the beam, but will only cause increased 
dosage to the surrounding tissues and to the skin. 


3. Uniformity of Dose 


Calculations of dosage distributions by the above methods confirm 
in the main the conclusions which are reached by common sense deduc- 
tions: that the constantly irradiated volume will be highly dosed, relatively 
to the neighbouring tissues, and that in this volume, while there is a 
considerable rise in dosage rate in a vertical direction towards the sur- 
face when plane filters are used, the dosage at any level will be fairly 
constant across the volume. 

If the tumour is more or less central in the patient, treatment may 
also be given from the opposite side, and the dosage rate in a direction 
parallel to the axis of rotation made nearly uniform, but if the tumour 
is superficial this is impracticable and it is necessary to use some form of 
wedge filter. From inspection of Fig. 11 it is obvious that to obtain per- 
fect uniformity along the axis of rotation the isodoses shown in the 
vertical section of the beam must be straightened as well as skewed, so 
that they should approximate to straight lines parallel to the axis of 
ro'ation. To do this »harmonic» filters have been devised. These filters 
ar: designed so that the percentage of primary radiation transmitted at 


’ point, is es where d cm. is the distance from the thin edge of 
+ KC 
th: wedge and k is the filter constant. The name »harmonic» has been 
ch»sen for descriptive purposes as the values of the primary radiation 
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Figure 16 (A). No wedge-filter Figure 16 (B). Partial wedge-filter 
correction. correction. 


transmitted at equidistant points across the filter are successive terms 
of a harmonic progression. 

The particular filter used has the constant k = 0.5, and is the one 
illustrated in Fig. 13. It will be seen that the isodoses in the vertical 
section are only slightly curved. 

The actual filter, like those described by Exxtis & MILLER (1944) 
may be made up of steps of copper sheet mounted on wood or aluminium, 
the thicknesses of copper required to produce the desired reductions in 
the primary radiation being derived from the measured absorption curve 
of the radiation used. More elegant filters may be made by milling. 
Unlike the filters described by Ettis & MiLuEr, these filters cover the 
whole field, and do not leave an unfiltered gap at the thin edge. In prac- 
tice, for the radiation which has been used, the harmonic filter, k = 0.5 
is very nearly a plane-sided wedge, but this can only be regarded as 
matter of chance, as the shape will not only depend on the quality 
the beam, defined in terms of H. V. L., but also on the distribution 
intensity in the roentgen ray spectrum, which will be dependent 
several factors, such as the wave form of the voltage applied to the tu! 
and the filtration effected by the tube itself. 
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Unfortunately the dosage rate is seriously reduced by these filters, 
id it may be impossible to obtain full correction by a filter without 
aking the treatment inordinately long, though by compromising, con- 
lerable improvement may be made, as Figs. 16 (A) and (B) show. 
idiation with H. V. L. 0.85 mm. of Cu is the worst possible from the 
int of view of designing a wedge filter, as the relative proportion of 
uttered radiation is a maximum for this quality, and the scattered 
liation, because its distribution is less altered by the wedge filter 
an is the primary radiation, damps down the effect of the filter. Using 
a higher voltage the loss of dosage rate would be less serious, owing to 
the smaller proportion of scatter and also because of the higher tube 
output available. 

Another possible method would be to use an »eccentric filter». Such a 
filter, though no more efficient than a harmonic filter from the point of 
view of producing the required distortion of the beam with a minimum 
effect on the dosage rate, has the merit of doing away with the necessity 
of drawing the isodose diagrams in several planes which are required for 
the integration of dosage rates from the asymmetrical field of a harmonic 
filter. 

These filters consist of a plane uniform circular disc, of diameter smal- 
ler than that of the beam, placed eccentrically, as shown in Fig. 17. The 
possible variables are the position, size and thick- 
ness of the filter,which when used as a wedge 
filter in rotational therapy would be in contact 
with the upper edge of the beam. The filter may 
be considered as adding a beam of negative radia- 
tion in which the dosage rates have a minus 
sien. If, for example, a filter with diameter 5 cm. 
which transmits two thirds of the primary radia- 
tion is used with a 7.5 cm. field, the dose at any 
point is that which would be produced by the Figure 17. 

7.5 em. beam without the filter, minus the dose 
hich would be produced by a 5 cm. beam passing through the position 
the filter and having a surface dosage rate, measured in air without 
ckseatter, one third that of the whole beam. Doses from each of these 
wo fields can be calculated by integration from an ordinary isodose 
gram by the method already described for use when no wedge filter 
employed. 
In addition to the vertical variation in dosage rate, it will be seen 
m Fig. 16 (A) that when an unfiltered field is used there is a fall in 
sage rate from the axis of rotation outwards towards the boundary 
the irradiated volume. This is small for some distance from the centre, 
b 't quite considerable near the edge of the volume. This fall is due to the 
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curve of the isodoses of the field used, and does not occur when a wedg : 
filter is used and the isodoses are straightened. (Fig. 16 B.) On the othe: 
hand the curve in the isodoses in the vertical section of the beam is us - 
ful when treatment is given from two sides of the patient as it near] ; 
compensates the rise which would otherwise occur vertically from the 
centre towards either surface, owing to the fall-off of the depth dose cf 
the beam of radiation with depth being exponential and not linea). 
Hence it is desirable to retain the curve of the isodoses in a vertic: | 
plane and to straighten them into the horizontal plane. This could be 
done by a double wedge filter of the type described by CHEsTER and 
MEREDITH (1945), thick at the centre and tapering to the two edges, 
which could be made up of two harmonic filters. An error, however, 
which is incurred by using a wax cone as bolus, bas not yet been estima- 
ted. This is due to the fact that the irradiation surface of the cone is 
not a plane, but slightly curved, and the dosage rates near the sides of 
the beam will be slightly larger than those which would be received if the 
surface were a true plane. This effect, though it is thought to be small, 
will oppose the falling off of the dosage rate towards the edges of the irra- 
diated volume, and possibly this, in practice, wi!l be too small to be 
worth correction. 


4. The Conditions for Maximum Percentage Depth Dose 


The skin dose is not constant over the area of skin radiated, depending 
on the three variables: distance from the centre of rotation, distance 
from the tube focus and horizontal width of the beam. The maximum 
skin dose, which is the one which should be used in calculating the per- 
centage depth dose, is received by the skin lying a little inside the circle 
cescribed by the central axis of the beam on the skin, and there will be 
little error incurred by taking the skin dose received by this circle as the 
maximum skin dose. 

Referring back to Fig. 11, the dose received at T, the point of inter- 
section of the central axis of the beam and the axis of rotation, which is 
planned to be at the centre of the tumour, is De ~“*, where D is the dose 
passing through the point 8, which moves with the beam, wu is the effec- 
tive absorption of the beam — MayNeorp (1940) —and x cm. = ST. 
If the depth of the tumour from the surface = d cms., the angle of inc i- 
dence of the beam YTS = 6, and 1cm. = the width of the beam, the 


percentage depth dose = tan 6-e~“"*°%, Tf x and d are constart, 


it can be shown in the usual way that this expression is maximal wh: n 
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This equation, therefore, gives the optimal value for 6, for any given 
vilue of d and for any field; ‘the actual value is of course also inv ersely 
poportional to 1, and the smallest field which will include the lesion should 
b» used to obtain the maximum percentage depth dose. For use, the 
euation is more conveniently 

d cot -cos@ 
di. In 2 
were d:, cms. is the depth along 
the central axis at which the 
depth dose falls to half the sur- 
face dose and the curve, shown 
in Fig. 18 drawn, from which the 
value of @ for any depth of the 
tumour and size of field, quality 
of radiation, and F. 8. D. can 
be read directly. In practice it 
is often impracticable to use 
the value of 6 thus obtained as 
it would mean setting the ap- 
plicator off the perspex disc, but 
it does establish the principle wigare 16. 

that in practice, when other fac- 

tors leave any latitude in the choice of the angle of the beam, the 
maximal percentage depth dose will be obtained if the maximum avail- 
able angle of incidence is used. 


ce nverted into 


+. Integral Dose 


The integral dose in gm. r. delivered to a patient by a roentgen beam 
perpendicular to the surface may be calculated, given the thickness of 
tissues traversed, by MAYNEORD’s approximation equation (MAYNEORD, 
1942): 


Integral Dose = 1.44 D. A. di, = 


Lest) 2.88di, , 4.16 
100 f f* 
where D r is the surface dose, including backscatter, A cm. is the area 
of the field, d:, em. = the depth for which the percentage depth dose is 
50%, dixie = the percentage depth dose at the point of exit from the 
patient and fem. =the F.S8. D. 

In rotational therapy, the thickness of tissue traversed varies through- 
ow the rotation, but its value is large, and the variation is comparatively 
sm ull, and the average value may be used in the above formula for cal- 
culating the integral dose absorbed up to the exit of the beam from 
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the patient. The beam, however, is not perpendicular to the surface an 
part of this dose is absorbed in the wax cone and perspex disc, and thi 
amount must be subtracted from the total to obtain the amount actual 
received by the patient. 

A fu)! description of the calculation of this amount would make th 
paper unduly long and it is proposed only to indicate how the figur 
given below have been obtained. 

The radiation received by any point in a roentgen ray beam is mac 
up of two parts: (1) the primary radiation of the beam, and (2) scattered 
radiation received from surrounding tissues. The amounts of each of 
these two parts on the central axis may be easily found from tables of 
depth doses for a surface dose of 100r, measured in air. Such tables, 
prepared from the MaAyNEorRD and LAMERTON tables of percentage depth 
doses (MAYNEORD and LAMERTON, 1941) have already been published 
(BusH, 1944). From the central axis data thus obtained, integral doses 
due to primary and to scattered radiation may be calculated, using the 
two following expressions for the integral dose delivered by a thin pencil 
of radiation. 

The integral dose in a small pencil of primary radiation with area of 
cross-section at the surface 4 A cm*. and with length dem. from the 
100 (1 —e~“*) 

coefficient and 100 r the surface dose, measured in air. 


The integral dose, due to scattered radiation, from the same pencil, 
in the cone with apex at the focus of the tube, and radius rem. at the 
surface, extending from the surface to a depth of x cm. may be shown 

a 


1A 
f? 


surface is easily shown to be where » is the absorption 


(f* +-x*) (D,); dx, where (D,); is the scattered radiation 


to be 

received at a point x cm. deep on the central axis of a beam of radius 

r cm. and where fem. = the F.S. D. 


For both primary and for scattered radiation, the contribution from 
a thin strip across the field, such a strip being parallel to the surface of 
the patient, can be found by integration of the amounts received fr 
the individual small elements of which it is composed. By a second in‘ 
gration of these strip contributions, the integral dose from the w! 
field in the wax cone and perspex disc may be found. 

When a wedge filter is used, each of these strip contributions 
multiplied by the fraction which gives the amount of radiation tra 
mitted by the filter at the position of the strip. 

To estimate the total integral dose delivered to the wax cone, pers} ° 
disc, and patient when a wedge filter is used, the value obtained by ' 
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e of the Mayneord formula for the size of the field has been multi- 
ied by the fraction of radiation which the filter transmits. This is 
it strictly correct as the Mayneord formula only applies to the radiation 
thin the limits of the beam, and this will only roughly be in proportion 
the total quantity transmitted by the filter, but it does give an ac- 
rate value for the relation between the total integral doses, including 
e widely scattered radiation throughout the whole patient, with and 
thout a wedge filter. It therefore gives a good estimate of the relative 
ocneral clinical effects of the beam with a wedge filter, and without. 
The fraction of the incident radiation of a field of radius R cm. trans- 
mitted by a harmonic filter, with filter constant, k, is given by 
R 


1 | r 
| 1+kR + kr cos 0 dé -dr. 


_ 2(1+KR—V1+ 2kR) 


Values of the integral dose given by the fields which have been used 
in rotational therapy, calculated by these methods are given in Table I 
for angles of incidence of 30°, 40° and 50°. These figures cover the whole 
range of angles which have been used, the figures for intermediate angles 
being found by interpolation. The perspex disc is assumed to be centred 
on the midline of the body, the cross-section of which is taken to be an 
ellipse with semi-axes of 18 cm. and 10 cm. The integral doses are in gm. 
roentgens for a surface dose to the wax cone of 100 r measured with 
backscatter. When no wedge filter is used, this is the dose actually 
delivered at the surface, and when a wedge filter is used, it is the dose 
which would have been received at the surface, if the filter had not 
been used. 

The ratio »integral dose / tumour dose» rises with the angle of inci- 
dence. From the point of view of general constitutional effects only, 
therefore a small angle of incidence is preferable. 


Table I 


Integral doses in gm. r for 100 r with backscatter 


iameter of field (cms.) 5.0 em. 7.5 em. 


ngle of Incidence...... 30 40 50 30 40 50° 
ithout Filter 9.910 8,730 7,510 22.600 19,700 16,250 
ith Wedge Filter 

k 4.600 3.590 11,540 10,440 8.840 
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SUMMARY 


An account of the theoretical considerations of calculation of dosage rate, volun 
of tissues irradiated, uniformity of dose, conditions for maximum percentage depth do 
and integral dose in rotational therapy is given. 


ZUSAMMENFASSUNG 


Es wird ein Bericht gebracht iiber die theoretischen Erwigungen inbezug auf d: 
Berechnung der Dosierung, des Volumens der bestrahlten Gewebe, der Gleichférmigke t 
der Dosierung, der Bedingungen fiir einen maximalen Prozentsatz Tiefendosierung und 
Integraldosierung bei der Rotationsbehandlung. 


RESUME 


L’auteur expose les considérations théoriques dont on part pour calculer, dans la 
radiothérapie 4 champs tournants, le taux du dosage, le volume des tissus irradiés, l’w 
formité de la dose, les conditions requises pour obtenir le pourcentage maximum de 
la dose profonde et de la dose -intégrale. 
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ROENTGEN-DIAGNOSTIC LABORATORY (HEAD OLLE OLSSON, M. D.) OF THE 
UNIVERSITY CLINICS, LUND, SWEDEN. 


EXPERIMENTAL STUDY OF CONTRAST MEDIA FOR 
CEREBRAL ANGIOGRAPHY WITH REFERENCE 
TO POSSIBLE INJURIOUS EFFECTS ON THE 
CEREBRAL BLOOD VESSELS‘ 
by 
Tore Broman and Olle Olsson 


In an earlier investigation (BRoMAN & OLLE OLsson 1948) it was 
shown in animals that some contrast media belonging to the diodrast 
group and used in cerebral angiography are capable of causing an injury 
of the cerebral blood vessels with a disorder of their permeability (a 
breaking down of the blood-brain-barrier, BBB). It was also demonstrated 
that the extent and severity of this disorder varied according to the con- 
centration of the contrast medium used and the application time. The 
contrast medium, Umbradil forte, produced a »pure» impairment of the 
BBB, i.e. the vascular disturbance was slight and not attended by stasis 
or edema. In some cases the duration of the disorder was registered and 
found to pass off within two hours. We believed that the results of these 
experiments might explain those symptoms of a cerebral lesion occasion- 
ally complicating clinical angiography performed with this type of con- 
trast media, and therefore suggested that a pharmaco-dynamic test of 
such contrast media ought to comprise an examination of their effect 
on the permeability of the cerebral vessels. 

[f cerebral angiography is to justify itself as a useful routine examina- 
tion method in neuro-roentgenology, the provision of a non-injurious 
contrast medium that is readily eliminable is of fundamental importance. 

' since their introduction by Gross in 1939 in cerebral angiography, 
contrast media of the diodrast group have proved useful. These media 
have, however, an irritating effect on the vascular wall and thereby 
case vasoconstriction and pain. This irritation is occasionally severe 
en ugh to bring about severe clinical symptoms. It is on account of this 


‘ Submitted for publication, April 14, 1949. 
22—490088. Acta Radiologica. Vol. XXXI. 
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objection that Thorotrast is still in widespread use in many hospital, 
in spite of other obviously undesirable properties of this preparation. 

Several water-soluble contrast media usable in cerebral angiograph - 
are marketed. These media differ in chemical composition and method cf 
manufacture. The tolerance of the cerebral vessels to the different cor - 
trast media may therefore probably be different. As it is obviously d:- 
sirable in cerebral angiography to use media as non-injurious as possible, 
the scope of our previous investigation (1948) was extended to comprise 
some other water-soluble contrast media applied for cerebral angiography. 
In earlier investigations on experimental animals (Gross 1939, Kristran- 
SEN & CAMMERMEYER 1942, VAN DER LINDEN 1942, WEATHERALL 194°. 
Pace, Somers & 1948, and WickBom 1948) carried out under 
conditions as similar as possible to those encountered in the clinic. no 
cerebral lesion could be demonstrated. The discrepancy between these 
results and our findings (1948) was probably due to the fact that, as 
mentioned in our earlier publication, these media are capable of causing 
a damage solely of the BBB, the demonstration of which requires the 
application of a special technique. 


Present Investigation 


Contrast Media Tested 


The investigation comprises those contrast media of the diodrast 
group that are available in Sweden (cf. Table 1). 


Table 1. 


Concen- 


Manufacturers 
tration 


Chemical Composition 


Umbradil 35 W/V Diethanolamine salt of 3.5-diiodo-4 
pyridone-N-acetic acid 
Umbradil forte ’ Ditto + diethylamine 
Dijodon 2 ) Diethanolamine salt of diiodo-py: 
done-N-acetic acid 
Ditto 
Diodrast Winthrop (Amer.) 35 ’ Diethanolamine salt of 3.5-diiodo 
pyridone-N-acetic acid 
» » Ditto 
Ioduron Cilag (Switzer.) 30 ° Morpholine salt of 3.5-diiodo-4-p) 
done-N-acetic acid 
Umbradil-methyl-glucamine Astra (Swed.) 3 Methyl-glucamine salt of 3.5-diio: 
4-pyridone-N-acetic acid 
Ditto 
Ditto 
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All these contrast media are salts of 3.5-diiodo-pyridone-N-acetic 
a id, which has proved suitable for roentgenography. The diethanolamine 
s. It is the one most frequently used. The morpholine salt is used in 
I. duron. As concentrated solutions tend to give a precipitation use is 
n ade of a mixture of diethanolamine- and diethyl salts in Umbradil forte, 
tle solubility of the contrast medium thereby being increased. In the 
search for other less toxic compounds we tested also Umbradil-methyl- 
olucamine elaborated by the research laboratory of A.B. Astra and placed 
at our disposal for this purpose. 

In all of the contrast media tested the iodine is strongly bound and 
thus not liberated during its passage through the organism. 


Techn iq we 


A disorder of the permeability of the cerebral vessels is demonstrable 
by means of a dye-test. The method is based on the fact that the cerebral 
vessels are normally impermeable to certain dyes. Trypan blue is injected 
intravenously into laboratory animals (rabbits in this investigation). 
In the absence of any vascular disorder the brain tissue will not stain, 
whereas if the vascular permeability is impaired, the injected dye will 
escape into and stain the surrounding tissue. Frozen sections (300—500 
« thick) are then microscopically examined. Reference is made to our 
earlier publication for a detailed description of the technique. 


Results 


The results of the investigation will be apparent from Table 2 and 
Figs. 1 and 2. 

In addition to the pictures and the data given in the table the 
following complementary observations were recorded. 

Convulsions. As a rule there was an evident parallelism between the 
occurrence of convulsions and a vascular lesion. Exceptions to this rule 
were, however, observed. Already in our previous publication disturbances 
of the vascular permeability were occasionally reported in cases without 
convulsions. Further evidence showing that disturbances of the vascular 
permeability are not always attended by convulsions was provided in 
the present investigation by a number of cases, some of which showed 
a very pronounced vascular lesion. But as convulsions occurred only in 
cases with a vascular disorde:, this disorder must play an essential réle 
in ‘he origin of convulsions. The irregular occurrence of convulsions is a 
we |-known phenomenon in different types of cerebral lesions. A deep 
na cosis may probably also have reduced the tendency of convulsions to 
ap ear in some of the animals. 
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Table 2. 


Cone. Applic. 
Contrast medium per time 


secs sions 


Short- 
ness 
of 
breath 


Respir. 
paralysis 
(usually 

transient) 


Stasis Edema 


Punct 
hemor 
rhages 


Umbradil 


Dijodon 


Diodrast 


Diodrast 


loduron 


Umbradil-methyl-glucamine 


Umbradil-methyl-glucamine 


Umbradil-methyl-glucamine 
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Respiratory Paralysis. This symptom, which sometimes supervened 
| association with the injection, was generally transient. The factor 
ssentially responsible for the condition was probably the decrease in the 
ood pressure due to the free escape of blood from the jugular veins 

curing the injection of the contrast medium, and, secondly, to the 
i jected medium, which also has a lowering effect on the blood pressure. 
‘hat respiratory paralysis is not necessarily a consequence of the dis- 
oder of the BBB was demonstrated both in our earlier experiments and 
in the present series, in which the condition was observed also in animals 
without such impairment. But as these were exceptions, we still believe 
that the vascular disorder with the consequential local disturbance of 
the circulation is a contributory factor in the development of respiratory 
paralysis, especially as some cases displayed a widespread disorder not 
only in the cerebral hemisphere but also in the caudal part of the brain 
stem. 

The Demonstration of Disorders of the Vascular Permeability. It — 
be observed that in some cases, in which the disorder was but slight, 
passage of the dye could be discerned in the brain only obles ro aaar 
and in some cases, in sections only (which goes to prove that an inspection 
of a circumscribed part of the brain surface in vivo is technically insuffi- 
cient). This is explained by the fact that in slight injuries the damage 
will usually be restricted only to a part of the hemisphere, generally only 
to the temporal lobe and centrally. In some cases the convexity of the 
hemisphere on the injected side did not stain even when the lesion was 
rather pronounced, whilst the contralateral convexity exhibited a distinct 
staining. In these cases the staining in the centre of the hemisphere of the 
injected side was as a rule pronounced and the absence of superficial 
staining of the convexity was probably due to a herniation of the brain 
on that side (on account of the existent trephination). 

Cerebral Edema: A comparison of the volume of the most severely 
damaged regions on one side with corresponding contralateral intact 
areas was used as a basis for recognizing the presence of edema. 

Punctate Hemorrhages: As they occurred only in severely damaged 
regions, where they were concealed from the naked eye by the intensity 
of the stain, a microscopic examination was necessary to recognize these 
bleedings. 

Stasis: The presence of stasis was determined microscopically but as 

10st all of the vessels in the most severely lesioned areas were engorged 
spite of the post mortem rinsing, stasis was easily detectable in most 
‘ases by the naked eye. Other factors rendering the macroscopic observa- 

tin of this symptom possible were unsatisfactory fixation and poor 
st ining, at least in cases in which the dye was administered after the 
development of the lesion. 


TORE BROMAN AND OLLE OLSSON 


Comparison of the Contrast Media 


No definite difference was found between Umbradil and Umbradi 
methyl-glucamine in 35 per cent solution, no injury being demonstrab 
after so long an application time as 40 secs. When used in 50 per cer 
solution, the application time necessary to provoke a manifest injury wis 
practically the same for Umbradil-methyl-glucamine as for Umbrad | 
forte, namely, about 10 secs. The damage observed after the application 
of 50 per cent Umbradil-methyl-glucamine was, however, rather serious, 
comprising edema and punctate hemorrhages, and, in some cases also 
distinct stasis, whereas the damage demonstrated after the use of Umbra- 
dil forte was always slight, consisting solely of a »pure» impairment of 
the BBB even after so long an application as 35 secs. 

With the exception of these first-mentioned two media in 35 per cent 
solution all the preparations tested had an injurious effect when applied 
for times varying from 10 to 40 secs. Dijodon in 35 per cent solution 
proved injurious when applied for 10 secs., and in two experiments with 
an application time of 20 and 40 secs. respectively even edema, stasis 
and numerous punctate hemorrhages were recorded. Diodrast in 35 per 
cent solution produced a similar effect. In two experiments with an appli- 
cation of 10 secs., a slight but distinct disorder of the vascular permeability 
was demonstrated, and in two other experiments with an application time 
of 20 to 40 secs. respectively, the disorder in the permeability was so 
serious as to cause edema, stasis, and punctate hemorrhages. Ioduron 
proved far less injurious than either of the two above-mentioned prepa- 
rations and did not give rise to damage unless applied for 35—40 secs., 
and even then caused only a slight disorder. 

In 50 per cent solution Dijodon was injurious when applied for 10 
secs., the damage being even rather pronounced despite the brevity of the 
application. The injury produced by 50 per cent Dijodon was more serious 
throughout than that caused by similar concentrations of Umbradil forte. 

A 70 per cent solution of diodrast impaired the vascular permeability 
markedly even with an application time of only 1 sec., and a brief appli- 
cation of 70 per cent Umbradil-methyl-glucamine produced a similar 
result. 


Discussion 


The results of the present tests are in full agreement with those 
the previous series (BRomMAN & OLLE OLsson 1948). Most water-solul’! 
contrast media used in cerebral angiography are obviously capable 
producing vascular injuries, frequently expressed not only by a disord 
of the vascular permeability but also by other more serious changes. T 
severity and nature of the injury sustained by the cerebral vessels vari d 
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Fig. 2. Rabbit-brains (Cases 17 and 20) injured by 50 per cent dijodon. Viewed from 

Pronounced disorder of the vascular permeability on the in- 

jected side with attendant edema and stasis in the most severely damaged part of 
the preparation. 


above and in section. 


+: 
f We 
t 
1 
1 
f 


I 

b 
0) 
in 
te 
m 
e) 
di 
B! 
sh 
pe 
ni 
WwW 
le 
SI 
al 
t] 
Mm 
a 

St 
BI 
ti 
al 
d 


EXPERIMENTAL STUDY OF CONTRAST MEDIA FOR CEREBRAL ANGIOGRAPHY 329 


ecording to the concentration of the contrast media and the time they 
ere allowed to act upon the vascular wall, 7. e. the application time. 


a) The nature and extent of the injury 


In our earlier investigation Umbradil forte was found to be capable 
f producing a slight vascular injury, appearing only in the form of a 
uure>) impairment of the BBB. In the present investigation the damage 
‘oduced by the contrast media tested was likewise often slight, consisting 
ainly of a disorder of the permeability of the cerebral vessels, but in 
ost cases the damage sustained was far more serious. For instance, 
severely damaged parts of the brain displayed an increase in volume 
indicative of cerebral edema (in these edematous cases herniation of the 
brain often developed). In addition hereto a more or less marked venous 
congestion and punctate hemorrhages were generally seen in the centre 
of the maximally damaged regions. 

The finding of hemorrhages in these areas is of special theoretic 
interest. In earlier studies of this type of chemo-toxic lesions, 7. e., direct 
toxic injury to the vascular wall, bleedings were not observed in the 
systematically tested examination series unless the disorder of the per- 
meability had persisted for several hours. In our earlier investigation, for 

xample, it was shown that although Umbradil forte was capable of 
producing a disorder of the cerebrovascular permeability of 1—2 hours’ 
duration, it never gave rise to such hemorrhages, and Broman & Linp- 
BERG- BROMAN (1945) showed in guinea-pigs injured by the injection of 
sheep hemolytic rabbit serum that although the disorder of the vascular 
permeability was most pronounced initially, punctate hemorrhages did 
not appear until 4—7 hours later, when the disorder was passing off. 
That the punctate hemorrhages appeared rapidly and simultaneously 
with the disorder of the vascular permeability must be ascribed to the 
lesion being of a pronounced severity in the present series, a conception 
supported furthermore by the fact that in these experiments stasis was 
also observed. 

For purposes of comparison it might not be out of place to mention 
that ethyl alcohol did not have any manifest effect on the vascular per- 
meability unless applied in 15 per cent concentration for at least so long 
a time as 1 minute, and that marked vascular lesions with edema and 
tasis were produced by cobra venom and bee venom (BroMan & LiINnD- 

rRG-BRoMAN, 1945). It is thus obvious that the injuries some of the con- 
‘st media caused in the present investigation were of a serious nature 
1d comparable to the effect of strong vascular poisons. 

The injury provoked by U mbradil forte (and presumably by Ioduron) 

fered in one very important respect from most other forms of chemo- 
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toxic lesion of the cerebral vessels observed in earlier investigations, th» 
injury caused by the two contrast media just mentioned being manifes' 
solely as a rather pronounced but completely reversible disorder of th» 
vascular permeability without any attendant signs of edema, stasis, cr 
hemorrhages. Umbradil forte is thus capable of breaking down the BB}3 
transiently. (It is conceivable that this effect may be of therapeutic value 
in certain diseases.) 

The extent of the damage is shown in the diagrams in Fig. 1, from 
which it will be apparent that the injury was generally unilateral and 
localized to that hemisphere fed by the carotid artery of the injected side. 
The medial part of the other hemisphere and the i injection side of the brain 
stem were frequently stained, too. Excessive injection pressure resulted 
in a staining of both hemispheres, the cerebellum, and the brain stem. 
As was the case in our earlier examination series, a more pronounced 
staining of the cerebellum and the contra-lateral hemisphere was, strangely 
enough, sometimes observed (due to impaired circulation as a consequence 
of the herniation of the brain in the trephined hole?). 


b) Relative degree of the injury caused by the different contrast media 


As was only to be expected, the severity of the vascular lesion caused 
by the contrast media varied according to the application time and con- 


centration of the mediurna used. 

Exceptions to this rule were due to an important source of error 
in the experimental technique, namely, an incomplete replacement of the 
blood in the brain vessels by the injected contrast medium to be tested. 
The effect of the concentration and the application time, both fundamental 
factors, cannot of course be evaluated correctly unless all the blood in 
the cerebral vessels is replaced by the contrast medium throughout the 
whole injection. Otherwise the contrast medium, at least during part of 
the injection time, will be diluted to an indeterminable degree which will 
lead to a misjudgement of the effect of the concentration applied. The 
bracketed numbers in tests 12, 18, 37, 39, and 41 denote an application 
time with such blood-diluted media. When the experiments were repeated 
with sufficient injection pressure and complete replacement of the blood 
in the cerebral! vessels by the contrast media, the results obtained were 
different and fitted well in the series. The inadequate replacement of t/ie 
blood by the medium is not always to be sought in too low an injection 
pressure, as the turning of the animal’s head to permit the inspection of 
the brain surface exposed by the trephination is liable to twist the internal 
carotid artery and thereby cause the injected fluid to flow mainly into t ie 
external carotid artery and not reach the brain. 

A comparison of the effects of the contrast media, however, show ‘d 
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hat the factors resporsible for the degree of the vascular damage were 
ot only the concentration and the application time but also the chemical 
mposition of the medium used. Strange enough, contrast media of one 
‘nd the same chemical composition but made by different manufacturers 
.iffered distinctly in effect, too. Whether the quality of the media made 
| y the manufacturers is not uniform cannot be determined by the present 
i ivestigation. 
It is thus evident that Umbradil (or Umbradil-methyl-glucamine 
i 35 per cent solution) may be applied with a wider margin of safety 
than the other contrast media used for cerebral angiography, and that 
Umbradil forte is the least injurious of the more concentrated preparations. 
As clinical experience has shown that satisfactory angiographs can be 
produced with a 35 per cent solution of Umbradil when injected by a 
puncture of the internal carotid artery, and often when injected by a 
puncture of the common carotid artery, it seems as if cerebral angiography 
can, as far as the contrast medium is concerned, be performed with a 
good margin of safety. Experience gained at the Neuro-Roentgenologic 
Laboratory, Lund, has shown this to be the case (OLLE OLsson — in 
print). 
c) Pathogenesis of the vascular lesion 


As the solutions used were of relatively high concentration, the 
question arises whether their injurious action might not possibly be traced 
back to an osmotic effect, it seeming feasible that solutions with a high 
osmotic pressure might have an injurious effect on the cells in the endo- 
thelial membrane in the same manner as on other cells. Earlier investiga- 
tions (Broman & LINDBERG-BROMAN 1945) have shown that when in- 
jected via the carotid artery and in the manne adopted in the present 
investigation, a 5—6 per cent NaCl solution is able to impair the BBB 
(after an application time of 1 minute). 

In an endeavour to clear up this question we compared the osmotic 
pressure — reported by the manufacturers — of the contrast solutions 
with that of a 5—6 per cent NaCl solution, and complemented the com- 
parison by tests with a 25 per cent solution of glucose and a 50 per cent 
solution of glucose (cf. Table 3). 

As will be apparent from the table, the osmotic pressure of the contrast 
solutions used is comparatively low (high molecular weight, little disso- 
ciation) and a comparison with the probably more indifferent substances 
(NaCl and glucose) shows that the contrast media give rise to distinct, 
oiten serious, injuries even in concentrations with an osmotic pressure 
d:-finitely lower than that of the minimal injurious concentration of NaCl 
or glucose. This should suffice to prove that the injurious effect of the 
media cannot be ascribed solely to their osmotic action, although this 


| 

| 

| 

| 


TORE BROMAN AND OLLE OLSSON 


Table 3. 


Osmot. 
pressure 
in atm. 


Degree of 
damage 


Critical 


Substance Concentration 
appl.-time 


Umbradil 3% (24.2) 

Umbradil forte .......... 31.5 

Dijodon 20.4 
> 31 


[oduron 15.7 


NaCl solution 5—6 secs. abt. 49 
Glucose : 5 (abt. 40) 
g abt. 110 


factor may play a contributory réle in the development of the lesion. 
The lack of correlation between the different osmotic pressures and the 
yarying severity of the injury caused by the solutions of the contrast 
media also support the belief that the cerebral lesion is attributable 
mainly to a chemo-toxic effect of the contrast media on the endothelial! 
membrane of the vascular wall. 

The question whether the effects of two different injurious agents 
are accumulative is of interest in this conjunction from several points of 
view. It would be of value to know whether the summation of two or 
more factors, each insufficient to produce an injury by itself, is able to 
cause a vascular lesion. Such an accumulative effect might plausibly be 
produced in various manners: (a) two injections, given in succession and 
each with an application time insufficient to provoke a manifest disorder, 
(b) a simultaneous application of two agents, each of insufficient strength, 
to give rise to any demonstrable damage, (c) a combination of a chemo- 
toxic agent and a physical factor, such as venous stasis or arterial 
ischemia. This question is at present being investigated and the results 
will be reported in a later publication. 


We want to thank C. G. Hotmpere, M. D., who very kindly per- 
mitted us to work at the Central Laboratory of the University Clinics. 


SUMMARY 


The present investigation is a continuation of an earlier investigation and tests ha ve 
now been made of the tolerance of the cerebral blood vessels to those contrast media of 
the diodrast type available in Sweden and recommended for cerebral angiography. 

The results obtained were as follows: 

With the application times (max. 40 seconds) used in the tests all the contrast med: 
except Umbradil and Umbradil-methyl-glucamine in 35 per cent solution, produced : 
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‘sion of the cerebral vessels. Compared with other contrast media of equal concentration 
mbradil forte proved but slightly injurious. 

In all cases the injury consisted of a disorder of the vascular permeability recognized 
y a manifest impairment of the blood-brain-barrier. In those cases in which the injury 
as rather marked attendant stasis and punctate hemorrhages were also observed, ¢. ¢. 
e injury sustained was of a serious nature. 

As certain »indifferent» substances (NaCl, glucose) evidently required a higher 
motie pressure to produce a manifest injury, the cerebral lesions observed could not 
» attributed solely to an osmotic action but must have been the result of a chemo-toxic 
tect. 


ZUSAMMENFASSUNG 


Die vorliegende Arbeit stellt eine Fortsetzung dar der friiheren Arbeit der Verff. 
iber die Toleranz der Gehirngefisse gegeniiber Kontrastmitteln der Diodrast-Gruppe 
mit Priifung der in Schweden im Handel vorkommenden Priiparate, die fiir Gehirnangio- 
graphie empfohlen werden. Hierbei hat sich folgendes herausgestellt: 

Eine Schadigung der zerebralen Blutgefaisse konnte mit simtlichen untersuchten 
Kontrastmitteln erzielt werden, ausser mit Umbradil und Umbradil-Methylglukamin in 
35°,iger Lésung, bei den von uns verwendeten Applikationszeiten (héchstens 40 Sekun- 
den). Umbradil forte gab im Vergleich zu iibrigen Kontrastmitteln entsprechender 
Konzentration verhaltnismassig leichte Schaden. 

Die Schadigung bestand in saimtiichen Fallen in einer Stérung der Gefasspermeabilitat 
(als Zerstérung der »Blut-Hirnschranke» registriert), die in Fallen mit stiarker aus- 
gesprochener Schadigung zu einem mehr oder weniger stark ausgesprochenen Gehirn- 
jdem fiihrte. Bei Fallen mit ausgesprochener Schadigung lagen zumeist auch eine 


Stauung sowie mehr oder weniger reichliche punktférmige Blutungen vor. Der Schaden 
war also bei den ausgesprochenen Fillen sehr ernster Natur. 

Die Entstehung des Schadens ist zu einer chemisch-toxischen Beeinflussung in 
3eziehung zu setzen und lasst sich nicht nur als osmotische Schidigung erklaren, da 
gewisse »indifferente» Substanzen offenbar einen héheren osmotischen Druck bendétigen, 
um eine Schiadigung zu setzen. 


RESUME 


Ce travail est la continuation d'une publication précédente des auteurs sur la 
tolérance des vaisseaux cérébraux vis-’-vis des substances de contraste du groupe du 
Diodraste, et rapporte les essais faits avec les préparations recommandées pour l’angio- 
graphie cérébrale qu’on trouve sur le marché en Suéde. Voici les résultats obtenus: 

Des lésions des vaisseaux sanguins du cerveau ont pu étre créées avec toutes les 
substances de contraste essayées, l'exception de |’Umbradil et de l’Umbradil- 
m‘thylglycamine en solution & 35%, ens’en tenant 4 des durées d’application ne sur- 
passant pas 40 secondes. L’Umbradil »forte» a causé des lésions relativement faibles 
en comparaison avec les autres produits de contraste employés 4 des concentrations 

respondantes. 

Les lésions consistaient dans tous les cas en un trouble de la perméabilité vasculaire 
inifesté comme un dérangement de la »barriére hémato-encéphalique») qui, dans les 
ou la lésion était plus prononcée, causait un cedéme cérébral plus ou moins accentué. 
rsque la lésion était prononcée, il y avait, dans la régle, aussi de la stase ainsi que 
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des hémorragies punctiformes plus ou moins abondantes. Ainsi donc les lésions, dans 
les cas marqués, étaient de caractére trés sérieux. 

La production des lésions doit étre rapportée & une action chimique toxique e' 
ne saurait étre expliquée uniquement par un effet nocif de nature osmotique, puisqu 
certaines substances »indifférentes» exigent manifestement une pression osmotique plu 
elevée ou une durée d’application beaucoup plus longue pour créer des lésions. 
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OSTEOGENIC SARCOMA!’ 
ALONG WHAT LINES SHOULD IT BE TREATED? 
by 
Erik Poppe, M. D. 


In 1942 Eker and Poppe published a report on 42 cases of bone sar- 
coma treated at the Norwegian Radium Hospital between the years 1932 
and 1937. 22 of these cases belonged to the osteogenic series. Three were 
alive and free from symptoms more than 5 years after treatment. One of 
these had been treated by irradiation followed by amputation, one was 
treated by curettage of the tumour followed by irradiation, and one re- 
ceived irradiation alone. Some of the remaining 19 cases in this series were 
given radiological treatment alone, while others were given combined 
surgical and radiological treatment. All those treated by primary ampu- 
tation died within three years of operation. 

The author has collected the material of primary bone sarcoma from 
the two surgical departments of the University Hospital of Oslo, in the 
ten years from 1934 to 1943, in the hope of obtaining an impression of the 
results of the treatment, which has been principally surgical. This material 
comprises in all 20 cases belonging to the osteogenic series (table 1). 
This is the group of greatzst interest from the point of view of treat- 
ment. Four of the 20 cases were inoperable, either because of the site 
of the primary tumour, or because of lung metastases, and were sub- 


Table 1 


> Inoperable. Roentgen treat- 
Type Palliative Amputation ment as curative 
irradiation measure 


O-teogenic series ..... 14 l 
(1 survives after! (survives after 
10 years) 10 years) 


1 In abbreviated form read to the Congress of The Northern Association for Medical 
Ra tiology at Oslo in June 1948; submitted for publication March 23, 1949. 
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jected to irradiation as a palliative measure. One patient who was ad- 
vised to have an amputation, preferred to return home and thus receive:| 
no treatment. Another patient, who had been subjected to irradiation 
only, is still alive after ten years, though she has a radiation necrosis 
of the bone with a pathological fracture in the irradiated limb. Th> 
remaining 14 patients were treated by amputation, one of whom still 
survives ten years after an amputation of the femur; the other 13 
patients are dead. 

Radiological examination of the chest before operation was negative 
in all 13 cases. In all, the operation was performed radically and cor- 
siderably proximally to the tumour tissue, and no malignant cells were 
found at the site of operation in any of the cases. Yet, in many cases it 
was remarkable how soon after the operation lung metastases were de- 
monstrable radiologically. It is highly probable, therefore, that tumour 
cells from the primary tumour were already widely disseminated through- 
out the body before operation, though we were unable to demonstrate 
them by the means at our disposal. Lung metastases were found in one 
patient one month after amputation of the femur; in two patients they 
were found after two months’ interval, while one patient died from lung 
metastases within two months after an operation in which disarticulation 
was performed at the hip-joint. The average period of survival for patients 
treated by radical operation was 9.9 months. The average period of sur- 
vival for patients who received no treatment, or were given palliative 
irradiation, was 10.6 months. There is no marked difference in time of 
survival for the two groups, despite the fact that in two of the cases which 
had been treated conservatively lung metastases were demonstrated 
radiologically before treatment was commenced. 

When it comes to the evaluation of the results of surgical treatment. 
it is as well to keep in mind that to all appearances the circumstances are 
unusually favourable for surgery: the majority of sarcomas are localised 
to the region of the knee-joint or elbow, and the operation as a rule may 
be carried out well proximally to the tumour. Still the results of surgery 
are far from reassuring. From the records of operations it is clear that high 
thigh amputation is a major intervention, which is a great strain on the 
patient (this applies also to disarticulation at the hip-joint, which is an 
even greater strain), and a state of shock requiring treatment by stimulants 
and transfusion may arise. We also know that the general condition of 
the patients is of great importance to their powers of resistance to tlie 
growth of metastases. If the general condition is suddenly lowered, f» 
example, in a uterine carcinoma when severe hemorrhage occurs, we kno \ 
that wide spread of the malignant cells occurs rather frequently son 
afterwards. 

The results of amputation are not favourable even when it is pr '- 
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{ rmed early in the course of the disease. In a number of cases in this 
: aterial, in which the diagnosis was established within a couple of months 
fom the development of symptoms, and in which the operation was 
curried out far proximally to the tumour tissue, the patients died within 
s x months of the operation. It should be remembered, however, that it is 
o.ten the most highly malignant cases which are treated earliest, as the 
dagnosis here usually may be arrived at sooner than in the cases which 
si.ow a lower degree of malignancy. The history of one particular case 
would seem to indicate that it is not of crucial importance how soon 
operation is performed. This particular patient had symptoms for 12 
months before the diagnosis was made, and is the one surviving free from 
symptoms for ten years after amputation of the femur. 

The method of treatment recommended by FERGUSON may possibly 
give better results. He bases his opinion on a follow-up examination of 
400 cases of bone sarcoma, and distinguishes between ‘early amputation’ 
i. e. amputation within 6 months of the onset of symptoms, and ’late 
amputation’ 7. e. amputation performed more than 6 months after the 
onset of symptoms. It appeared that the results of ‘late amputation’ 
were better than those of ‘early amputation’: 34 per cent were symptom- 
free after five years as compared with 5 per cent. This result was not due 
to any difference in malignancy between the two groups. In the cases in 
which the histological picture was one of rather lower malignancy, ‘late 
amputation’ gave freedom from symptoms for 5 years in 41 per cent of 
the cases treated thus, while ’early amputation’ gave a similar result in 
only 14 per cent. FERGUSON therefore advises against operation at the 
earliest possible moment. He has formed a theory to justify this point of 
view. Amputation constitutes a severe strain on the patient, and he con- 
siders that the development of metastases may be explained by circulatory 
disturbances occurring during as well as after the operation, and these 
facilitate the passage of tumour cells from the blood vessels and their 
implantation in the lung tissue. The higher up on the thigh the operation 
is performed the greater is the trauma, and the earlier do lung metastases 
develop. Fercuson considers, therefore, that operation should be per- 
formed if possible at a time when tumour cells are absent from the circula- 
tion. He endeavours to explain also why the results of ‘late amputation’ 
are better than those of ’early amputation’ by postulating that there is an 
active stage at an early phase of the development of an osteogenic sar- 
coma, during which relatively undifferentiated cells with great mitotic 
activity pass into the blood stream; and if the resistance of the organism 
is weakened at this time these cells readily settle in the lung tissue and 
form metastases. Operation carried out in a »quiet period», therefore, 
gives the best results. By »quiet period» is meant a period when the sedi- 
mentation rate and the temperature show a decreasing tendency, provided 

23—490088. Acta Radiologica. Vol. XXXI. 
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at the same time there is no increase of subjective symptoms or loss of 
weight. 

Preoperative irradiation should have a beneficial effect on the course 
of the disease, as irradiation reduces the number of cells of high mitoti: 
activity. The same may be said of resection of the tumour, tumour cells 
no longer being able to pass into the circulation. Irradiation after re- 
section may prevent recurrence or delay its appearance. 

The lines of treatment of osteogenic sarcoma recommended by 
FERGUSON are as follows: 


1. Amputation should not be undertaken at an early stage of the 
disease. 

2. Preoperative irradiation, or resection of the tumour followed by 
irradiation. 

3. Amputation should be performed in a »quiet phase» of the disease. 


The local operative intervention or the preoperative irradiation need 
take no heed of the subsequent function of the extremity, as amputation 
will be performed afterwards. From the radiologist’s point of view it 
seems reasonable to recommend a patient suffering from osteogenic 
sarcoma first to have irradiation, during which the radiosensitivity of 
the tumour may be assessed. If clinical improvement follows irradiation, 
it is obviously quite justifiable to continue this line of treatment. It is, 
besides, very hard at first to assess the results of irradiation by a radio- 
logical examination: an apparently increased area of destruction may 
mean that the pathological process is beginning to resolve. As a rule it 
takes a long time before potential improvement is definitely demonstrable 
radiologically. Assuming that the diagnosis is quite certain, it is prob- 
ably best to operate also on those cases which show a good response to 
irradiation from the outset. One reason for operation is that irradiation 
necrosis of bone may occur after large doses of irradiation, and in adoles- 
cents arrest of growth of the bone may occur if the area under treatment 
includes the epiphysis. The following case illustrates this. 


A.-M. L., a 5-year-old girl, had pain in the region of the left knee four months be- 
fore admission to the Surgical Department B, of the University Hospital. A little later 
swelling developed on the medial side of the left thigh. The B. S. R. was 10 mm./hr., and 
the Wassermann reaction was negative. Radiological examination showed a pathologi: 
process localised to the distal femoral metaphysis and involving also the diaphysis fo 
distance of about 10 cm. proximally from the distal epiphysis. There were numerous 
defined rarefactions in the bone with sclerotic areas in between. There was distinct peri 
teal reaction with lipping. No expansion of the bone. The radiological diagnosis was 
osteogenic sarcoma (fig. 1). Osteotomy was not performed, so that material for histolog 
examination was not available. The diagnosis, however, was considered certain on 
basis of the clinical and radiological findings. If the patient should be treated surgica y 
a high thigh amputation or a disarticulation at the hip-joint would have to be carried ot. 
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Fig. 1. Fig. 2. 


Fig. 1. A.-M. L., 5 years old. Osteogenic sarcoma of the distal femoral metaphysis 
before treatment. 

Fig. 2. Same patient, 10 years after irradiation. Radionecrosis of the bone with patho- 
logical fracture of the femur. 


As neither the patient’s parents nor the surgical staff were inclined to this, she was trans- 
ferred to the Norwegian Radium Hospital for irradiation. This was given on three fields 
over the tumour, total dosage 2,600 r on each field. It was difficult at first to evaluate the 
effect of the treatment. For long the patient complained of pain, but gradually definite 
clinical improvement occurred. The left thigh, however, became shorter and thinner than 
the right, and four years after the irradiation spontaneous fracture took place. The patient 
subsequently has been hospitalized twelve times to have a plaster bandage affixed or 
changed to effect healing of the fracture, but without success. Radiograms taken ten years 
after the irradiation demonstrate a fracture of the femur 10 cm. proximally to the plane 
of ‘he knee-joint and pronounced osteoporosis with a sclerotic area in the metaphysis. 
The femoral diaphysis is smaller in calibre than on the right side, and there are gross 
pat hological changes in the soft parts with fibrosis (fig. 2). Apart from this the patient is 
we’! ten years after the irradiation. The left lower extremity now must be regarded as more 
or ‘ess useless, and it is probably in the patient’s best interests to have an amputation 
through the thigh. 
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In some cases the diagnosis remains uncertain despite all diagnostic 
resources. There may be a chance for the patient in the diagnosis o 
malignant tumour being faulty. Chronic osteomyelitis may give a radio 
logical picture resembling osteogenic sarcoma which is also the case in 
haematoma with calcifications in the soft parts (BRAILSFoRD), and : 
number of other benign bone lesions. 

The diagnostic doubt which is present in a number of these cases is 
another factor weighing against early amputation. In the present material! 
there are examples of a supposed bone sarcoma which proceeded to ab- 
scess formation after moderate doses of radiation and turned out to be 
osteomyelitis. There are a number of cases in the material in which the 
radiological picture of a malignant tumour has been confirmed by the 
subsequent clinical course, but in which histological examination of 
material obtained by puncture biopsy has shown no malignant cells. For 
a satisfactory histological examination it is necessary to have an ample 
supply of material at disposal. The fact that different parts of the tumour 
may have a different histological picture is a factor making for uncer- 
tainty in puncture biopsy. In many doubtful cases we are inclined to 
overrate the results of histological examination (Ewine quoted by 
BrattsrorD). If the results of radiological and histological investigations 
do not agree, it is possibly justifiable to delay operation and rather 
control the patient by frequent radiological examination, and possibly 
giving irradiation. 


Conclusion 


The results of treatment of osteogenic sarcoma by amputation at the 
earliest possible moment, as recommended in Scandinavian literature 
by BEHRING (1930) and RoscHer (1933), are not good. There is little hope 
that this line of treatment will give any better results than hitherto. It 
is possible that preoperative irradiation or local operation (resection) 
before amputation will yield more favourable results. 

All cases of bone sarcoma in this country should be admitted into one 
or two hospitals, for only in this way is it possible to gain greater ex- 
perience in the treatment of these tumours. No serious objections from 
nospitals thus excluded from treating these tumours need be expected, 
as the surgery of these conditions presents problems of comparatively 
minor interest. 


SUMMARY 


In 1942 Exer and Poppe published a report from the Norwegian Radium Hos; tal 
including a series of 22 cases of osteogenic sarcoma, in which all patients treated prime ‘ily 
by operation (either amputation or disarticulation) died within 3 years after operat on. 
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In a group of 20 cases of osteogenic sarcoma from the University Hospital of Oslo, 
t cases were treated radically by amputation. One of these patients is still alive and 

- ‘mptom-free ten years after operation. The remaining 13 patients are dead. In many of 
t ese cases it was remarkable how soon after operation lung metastases was demonstrable 
r entgenologically. There is small hope that amputation at the earliest possible moment 
vill give any better results than up to the present. 

One patient treated by irradiation in the hope of effecting a cure, survives ten years 
a ter treatment. No recurrence has taken place. This patient has an irradiation necrosis 
o. the femur with considerable shortening of the thigh. 

The diagnosis of osteogenic sarcoma often may be difficult and may remain uncer- 
tuin for quite some time, which also is a factor speaking against early amputation. 


ZUSAMMENFASSUNG 


Im Jahre 1942 veréffentlichten Eker und Porrr einen Bericht aus der Norwegischen 
Radiumklinik, der eine Reihe von 22 Fallen von osteogenem Sarkom umfasste, in der 
simtliche primar operativ (entweder mit Amputation oder Exartikulation) Behandelten 
innerhalb von 3 Jahren nach dem Eingriff gestorben waren. 

In einer Gruppe von 20 Fillen von osteogenem Sarkom aus der Universititsklinik 
zu Oslo waren 14 Fille mit Amputation radikal behandelt worden. Einer dieser Kranken 
ist noch jetzt, zehn Jahre nach der Operation, am Leben und symptomfrei. Die iibrigen 
13 Kranken sind tot. Bei vielen dieser Fille war es auffillig, wie bald nach dem Eingriff 
Lungenmetastasen réntgenologisch nachweisbar waren. Man kann wohl kaum hoffen, 
dass méglichst friihzeitige Amputation bessere Resultate geben wiirde, als die bisher 
erzielten. 

Ein in der Hoffnung auf Heilung strahlenbehandelter Patient ist noch zehn Jahre 
nach der Behandlung am Leben. Es ist kein Riickfall aufgetreten. Dieser Kranke hat 
eine Strahlungsnekrose des Femur mit bedeutender Verkiirzung des Oberschenkels. 

Die Diagnose des osteogenen Sarkoms kann oft schwer sein und ziemlich lange un- 
sicher bleiben, was auch gegen friihe Amputation spricht. 


RESUME 


En 1942 Exer et Poppe ont publié un rapport de Hopital Norvégien du Radium 
avec une série de 22 cas de sarcome ostéogénique ot tous les malades, traités dés le 
début par opération (amputation ou désarticulation), sont morts dans les 3 années sui- 
vant l’intervention. 

Dans un groupe de 20 cas de sarcome ostéogénique provenant de l’H6pital Universi- 
taire d’Oslo 14 cas furent traités radicalement par amputation. L’un de ces malades est 
encore en vie et sans symptomes dix ans aprés. Les 13 autres sont décédés. Dans beaucoup 
de ces cas il a été remarquable de constater combien vite aprés l’opération des métastases 
pulmonaires sont devenues visibles aux Rayons de Roentgen. Il y a peu d’espoir que 
amputation pratiquée le plus tét possible puisse donner de meilleurs résultats que 

ux obtenus jusqu’é présent. 

Un malade, traité par irradiations dans l’espoir de le guérir, survit dix ans aprés 
raitement. II ne s’est pas produit de récidive. Ce sujet a une nécrose du fémur due aux 
‘ons avec un raccourcissement considérable de la cuisse. 

Le diagnostic de sarcome ostéogénique peut souvent étre difficile et rester incertain 


lant pas mal de temps, ce qui est aussi un facteur en défaveur de |’amputation 
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ROM THE SURGICAL OUT-PATIENT DEPARTMENT (CHIEF: PROFESSOR ERIK HUSFELDT, M. D.) 
ND ROENTGEN DEPARTMENT (CHIEF: PROFESSOR FLEMMING MOLLER, M. D.) OF THE 
STATE HOSPITAL, COPENHAGEN, DENMARK 


ON FRACTURES OF THE CARPAL BONES, 
ESPECIALLY OF THE SCAPHOID' 
by 


Kjeld Andersen and Frederik Therkelsen 


This paper only deals with uncomplicated fractures of the individual 
carpal bones. 

As to the frequency, it is worth while mentioning that BOHLER, among 
637 fractures of the carpal bones observed during a period of 11 years, 
found 424 fractures of the scaphoid and 108 of the cuneiform, whereas the 
remainder were distributed among the other carpal bones. 

A fracture of the scaphoid is nearly always in the form of an intra- 
articular transverse fracture, whereas fractures of the other carpal bones 
usually are in the form of extra-articular chip fractures. In rare cases 
intra-articular compression fractures may be observed, inter alia in the 
os magnum and the trapezium. 


I. Intra-articular fracture of the scaphoid is the most important one, 
partly because of its frequency and partly because of its tendency to non- 
union with its poor prognosis. 

This form of fracture appears to be due particularly to two reasons: 
The shape of the scaphoid with its narrowed waist and its situation in 
both rows of carpal bones (MEEKEsoN, Hirsch & GOLDHAMER). When 
the wrist is moved, the scaphoid does not only move with the proximal, 
but also with the distal row of bones. ZUCKERKANDL is said to have been 
the first to demonstrate that radial flexion in the wrist places the long 
axis of the scaphoid approximately at right angles on the long axis of 
the forearm. 

The writers have tried to illustrate the movements of the scaphoid by roentgeno- 


ms of a normal hand. They show (Figs. 1—2) that upon radial flexion of the wrist the 
se: phoid shows marked volar flexion, turning at the same time slightly on its long axis. 


1 Read before the meeting of the Scandinavian Orthopedic Society in Copenhagen 
September 24th, 1948; submitted for publication March 5, 1949. 


re 
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Figs. 1—2. A normal wrist in radial and ulnar flexion respectively. The scaphoid assumes 
an almost horizontal position in extreme radial flexion. 


Figs. 3—4. A normal wrist in dorsal and volar flexion respectively. In extreme vol 
flexion the axis of the scaphoid is almost at right angles on the other car; 
bones in the proximal row. 


From Figs. 3—4 it will be seen that in dorsal flexion of the wrist the scaphoid moves 
practically like the other carpal bones, but that in volar flexion it accompanies the dist 
rather than the proximal row of bones. 

It is presumed by Scunecxk that the fracture is due to compression or flexion of t!» 
seaphoid when its long axis is almost in the horizontal plane in dorso-radial flexion «° 
the wrist. 
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By way of an explanation of the tendency of a fracture of the scaphoid 
t poor union, the following should be emphasized: 

(1) According to LexeR, ScHNECK, SCHNEIDER, and OBLETz the 
bood supply is such that the supply to the proximal fragment is com- 

omised in a certain number of cases because of a fracture in the proximal 
) le of the bone. This may give rise to a so-called avascular necrosis in the 

oximal fragment, and the result is non-union. The radiological sign of 

ch a necrosis is an unchanged content of calcium in the proximal frag- 

nt, whereas the distal fragment and the adjacent bones show halisteresis 
during the first weeks after the accident. 

(2) That part of the bone which is covered with periosteum is very narrow. 
According to Murray, who is supported by JoHNson’s experimental 
investigations into the blood supply in fractures of the scaphoid, there is 
an adequate blood supply to the proximal fragment, and he regards the 
limited periosteal covering to be the only reason for non-union. 

(3) The position of the fragments. It has been shown by Hirscu & 
GoLDHAMER that in case of extensive injury to the ligaments around the 
scaphoid, the two fragments will move one with the proximal and the 
other will the distal row of carpal bones. In such instances the dislocation 
will become so marked that one can only obtain a normal position and 
have a chance of retaining the fragments by means of open reduction. 

(4) Retaining the fragments in apposition. Even in the absence of 
major rupture of the ligaments and with a favourable position of the 


fragments, the exceptional position occupied by the scaphoid in functional 
respect may result in minor movements between the fragments with an 
unfavourable influence on the union. 

In treating the fracture one must therefore demand a very firm im- 
mobilization of the wrist. 


Treatment 


It is generally agreed that recent fractures of the scaphoid should be 
immobilized immediately in an unpadded plaster cast applied with the 
hand in slight dorsal flexion and including also the metacarpo-phalangeal 
joint of the thumb (SPEED, WATSON -JONES, OBLETZ and others). 


The bandage may be applied with the hand in ulnar flexion (BOHLER, ScHNECK) or 
with the hand in radial flexion. The latter is said to press the fragments well together 
(Srcep, WaTson-JONEs). 

BOHLER recommends ulnar flexion on the grounds that the power of the hand, and 
especially of the fingers, is greater in this position than in radial flexion. No doubt, this 
argument is the decisive factor, as the apparent apposition of the fragments in radial 
fle-ion presumably is due merely to the fact that when roentgenographed in the antero- 
posterior view, the fragments become slightly superimposed due to the horizontal position 
of -he bone in radial flexion. 
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As a rule there is no question of actual reduction. However, ScCHNECE 
recommends that one may employ reduction by traction in the directio1 
of the thumb and moulding corresponding to the scaphoid. 

The stated time of immobilization is somewhat different, but usuall 
several months. A few authors, however, immobilize for a quite shor 
period, e. g. 3 weeks (PATERSON-BRown) and 8 weeks (MEEKESON). Th 
only rational procedure is to let the result of the roentgenographic exam- 
ination decide (BOHLER, WATSON-JONES and others). 

According to PaTERsoN-BROwN immobilization is useless in fractures 
older than 1—2 months, and ALEMAN only immobilizes, if the injury has 
been sustained less than 3 months previously. 

In cases of older fractures with delayed union or non-union, some kind 
of operation is often performed. It is generally agreed that a plaster 
bandage should not be continued in the presence of an established non- 
union. 


The operative procedures to be considered are the following: 


(1) Drilling by the method of Beck (PALMER, PERMAN, Watson-JoNES, ROTHBERG, 
Sreep and others). Several workers use drilling for established non-union, but B6OHLER 
and others maintain that drilling is only capable of hastening union, if it is delayed, 
whereas it cannot cause union in the presence of an established non-union. It can be 
mentioned also, that ALEMAN could only report poor results from drilling in cases of 
non-union. 

(2) Bone grafting with transplants from the tibia (Murray, SpeEp) or the radius 
(Copsey & Wuire) or osteosynthesis with steel nails (GeISsENDORFER, LINDVALL) has 
been used in a certain number of cases, 

(3) Excision of the entire scaphoid bone has been employed by a few workers, for 
instance Davipsonn & Horwitz and Henry and Grace. Most workers, however, advise 
against this mutilating intervention because of the greatly changed posture in the wrist. 

(4) Excision of one fragment. The material which best elucidates this operation is 
the one reported by AtemMan. His method is excision when union is delayed for more 
than 3 months and in cases showing non-union. Among 91 cases he has 84 per cent. satis- 
factory results. This method is also recommended by Grace who, however, states that 
there is no definite improvement of the function and power. It is emphasized by Murray 
that in spite of excision of one fragment there will often be permanent discomfort and poor 
function. 

(5) Stopping of the un-united gap with fat has been employed with success by Bentzon 
& 

(6) Excision and substitution of the scaphoid with a vitallium replica has been re- 
commended by WaucH & RENDELL, but the method lacks a sufficient follow-up, 

In cases of avascular necrosis Watson-JoneEs prefers immediate excision of the 
affected fragment to prolonged plaster bandage, although the latter is said to result in 
union by re-vascularizing the fragment. According to Pater drilling by the method 
of Beck does not result in union in the presence of avascular necrosis, 


II. Fractures of the other carpal bones will not be dealt with in detail. 
Non-union is very rare, possibly because a larger part of these bones 's 
covered with periosteum and because the fragments are not expose ! 
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t) the extreme range of motion of the scaphoid. In a few cases there can 

p-thaps be a question of extension treatment in fractures of the body 

o the os magnum and trapezium, but the rather frequent instances of 

c ip fractures are considered to unite in a few weeks (EmEers, McCartuy 
FarRBER and others). 


Writers’ Investigations 


The series comprises 119 intra-articular fractures of the scaphoid and 
27 fractures of the other carpal bones. 

The material is derived from the period 1934—43 from the Surgical 
Out-patient Department and the Surgical Departments of the State 
Hospital as well as the Orthopedic Hospital in Copenhagen and a few 
cases from the Directorate of Accident Insurance.’ 


I. 


First, we shall deal with the 119 intra-articular fractures of the scaphoid 
bone which occurred among 118 patients. 

A total of 100 fractures in 101 patients were followed up. These follow- 
up examinations were conducted by us personally in 54 cases, but in 
the remaining cases we have had to rest content with replies to a follow-up 
questionnaire. 

In 71 cases we succeeded in obtaining roentgenograms at the follow-up 
examination — either in Copenhagen or in the provincial towns — and in 
27 cases the injury had been followed so long by roentgenography that they 
must also be considered to represent a radiological end result, 7. e. union 
or non-union. 

In our experience it is a factor of the utmost importance in the radio- 
graphy of this condition that — in order to obtain an unimpeded view of 
the fracture line — the usual antero-posterior and lateral views are sup- 
plemented by an antero-posterior view in ulnar flexion and one oblique 
view: with the thenar eminence elevated a couple of cm. from the table. 

The average follow-up period was 8.4 years. 

The age distribution among the 119 cases will be seen from Table 1 
showing that the vast majority of cases occur at an early age. Ninety- 
nine of the patients were males. In 64 instances the injury was right-sided 

in one instance bilateral. Definite trauma was demonstrable in 98 per 
cent. 

Nearly all the patients were manual workers. 


‘ To the Chiefs of the Surgical Departments of the State Hospital, the Chiefs of the 
Or hopedic Hospital, and to the Directorate of Accident Insurance our thanks are due for 
pe) aission to use the materials. 
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Table 1 
Age distribution of the 119 cases and roentgenological result 


Number of 
cases 


40 Roentgenol. Result: 


Union: 50 Cases 0 
Non-union: 48 " 


Unknown: 2% * 


15 20 25 30 35 40 45 50 55 60 65 70 Age in years. 
Patient's age at time 
of accident. 
Regarding first the general roentgenographic appearances, Table | 
sh ows that 50 exhibit definite union and 48 non-union. 


Table 2 
98 cases in which the roentgenological result is known. (The figures in brackets indicate 
cases of established non-union.) 
Interval from accident Average time of 


to application Number immobilization in Union Non-union 
of plaster bandage plaster (weeks) 


< 25 14.1 23 
> 8 weeks =6 months 


> 6 months =1 year 
>1 


ye 
Plaster bandage. Total 
Not immobilized 


Operated 


Total 98 (29) 
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It is apparent from Table 2 that 57 cases have been immobilized in 
aster of Paris for several weeks; 23 have not been immobilized or have 
en treated with massage etc. — Operation has been used in 18 cases. 

Furthermore, it will be seen that while union has been obtained in 
2} of 25 cases immobilized less than 1 week after the accident, union 
sulted in merely 4 of the 23 patients who had not been immobilized. 

those cases in which immobilization was instituted more than 6 months 
ter the accident, only 3 of 11 exhibited union, whereas 8 resulted in 
m-union. 

The numerous cases of non-union are partly due to the fact that a 
large number of the cases were not diagnosed until the non-union was 
established. Of 29 cases in which non-union had become established already 
at the time of the Ist examination, none had united. 


Table 3 
Rate of union in 43 cases treated with plaster bandage. 
Rate of union 2 cases 
in weeks 94 weeks 


6 cases 


42-7 weeks 


2 cases 6 cases 
14 weeks 25.3 weeks 


1 1 Interval from accident 


weeks mo year year to application of 
plaster bandage 


As apparent from Table 3 (comprising 43 cases treated with plaster 
bendage), it has been attempted to estimate the rate of union. It is, 
however, difficult to make an exact comparison between these cases, as 
they have been roentgenographed at varying intervals. Still, there is a 
dc finite tendency to quicker union, the earlier the diagnosis of the fracture 

l institution of treatment. 


3 cases 
69-5 weeks 
me 24 cases 
16.3 
weeks 
1 
week 
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When trying to find the cause of the numerous cases of non-union on> 
must — in addition to the significance of the small area covered wit. 
periosteum — emphasize the following: 

(1) Possibly insufficient blood supply to the proximal. fragment. Ava: - 
cular necrosis was not once observed on the radiograms. Perhaps this ‘s 
explicable by the radiograms having been made either before the onset 
of halisteresis of the other bones or after these bones have regaine| 
their normal content of calcium. A look at Table 4 shows that among 45 
cases of non-union 19 were in the proximal third, and among 46 united 
fractures only 6 were in this site. This would hint a poorer prognosis for 
fractures of this site. 

Table 4 
Anatomical Site of 91 fractures of the scaphoid bone. 

Site Total Union Non-union 
Proximal third yt 6 19 
Central third 55 36 19 
Distal third 11 7 

Total 91 46 45 


(2) Poor position of the fragments. The primary position which is 
decisive, will be seen from Table 5 at the top. A poor position means 
angulation between the fragments or lateral displacement exceeding 


1 mm. It will be seen that we are only aware of the primary position in 
20 instances among which it is good in 18. With one exception all these 
fractures united. The reason of the small number of cases showing non- 
union among the cases in which the primary position is known is of 
course that nearly all of them have come for treatment at a late date. 


Table 5 


Position of the fragments. 


Primary Position 
Number Good 
United 18 
Un-united 
Total 20 
Eventual Position 


Number 


Total 98 


1 Position cannot be estimated with certainty. 


Poor 
1 
9 
Good Poor 
50 40 5 f Fi 
48 12 29 
52 34 1: 


ON FRACTURES OF THE CARPAL BONES 


Roentgenogram of the scaphoid bone of a 30-year-old male — 5 months 
and 12 years after the accident. Fig. 5 reveals a cyst-like translucency at the 
site of the fracture. Fig. 6 shows an established non-union. The fracture had 
received no treatment. 


Figs. 7—8. Roentgenogram of the scaphoid bone of a 22-year-old male — 3 months and 
10 years after the accident. Fig. 7 shows a cyst-like translucency at the site 
of the fracture. Treated with plaster bandage for 40 weeks. Applied 3 months. 
after the accident. Ten years later roentgenological union. 
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At the bottom of Table 5 we have therefore set out the eventual 
position, as it must be presumed that if the position is good eventually, 
it has also been good primarily. It will be seen that in 12 cases of non- 
union the eventual position is good. 

Non-union is consequently far from always a result of a poor primary 
position. It must, on the other hand, be presumed that the displacements 
are usually secondary, setting in when union fails, when the fragments 
have become smooth and the diastasis increased. 

(3) Badly retained fragments. The minor movements between the 
fragments which have been mentioned above and which must take place 
even when the position is good, must greatly reduce the chances of union. 
This view is supported by our investigations which show that the vast 
majority of united cases are to be found among the patients who have 
been submitted to immediate and firm immobilization of the wrist. 

Among other roentgenographic changes there is the translucent area at 
the site of the fracture observed in some cases of delayed union (see Figs. 
5, 6, 7, and 8). Such translucent areas are sometimes misinterpreted as a 
sign of Preiser’s disease (SCHNECK). 

Fractures showing translucent areas at the site of the fracture unite 
slowly, but need not always result in non-union (PALMER). The writers’ 
series contains several cases in which definite healing has taken place 
(e.g. the case represented by Figs. 7—8). 

In some other cases showing union we have observed small, circum- 
scribed translucencies, resembling Dwight’s cysts at the site of the frac- 
ture. 

Osteo-arthritis was only observed among the cases of non-union and 
only in 18 cases. 

Operation — preceded or unpreceded by plaster bandage — was per- 
formed in 18 cases of delayed union or non-union. The results are set out 
in Table 6. Ten patients were submitted to drilling by the method of 
Beck resulting in union in 4 (of them 3 fractures were in the waist and 1 
in the distal third). In 4 instances non-union resulted all the same, and in 
2 cases an established non-union remained unchanged (among these cases 
the fracture was in the waist in 4, in the proximal third in 1 and in the 
distal third in 1). 

One patient had bone grafting with insertion of a tibial transplant 
without union being obtained. In another case bone grafting with a tibial 
transplant was followed by operation by the method of Bentzon. 

Total excision of the scaphoid was performed in 2 cases. The res 
was, however, still non-union, as the greater part of the scaphoid had be 
left behind. 

In 4 instances one fragment was removed as advocated by ALEMAN 
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Table 6 
Eighteen operated cases. 


Number 
of cases 


Union: Oo Functional result: 
Non-union: @ Ideal: I (3 cases) 
Excision: Good: G (10 ) 
Osteo= 


Qsteo~ 
arthritis: ® Poor: 


Diagnosed 
as non-union: 


® 
® 


® 


Drilling Bone’ Bone graft- »Total Partial 

by the graft- ing (tibia) excision excision 

method ing - op. by of the of the 

of Beck (tibia) the method scaphoid scaphoid 
of Bentzon 


*) Later arthrodesis twice. 


In all these cases, however, a major or minor part remained. One case had 
later to be submitted to arthrodesis twice. 

Among the operated cases osteo-arthritis was observed in 9. Of them 
only 3 had exhibited osteo-arthritis prior to the operation, so that the 
latter must be presumed to have been a contributory cause. 


In evaluating the functional results the writers have set up 3 groups: 

Ideal: Subjective freedom from symptoms, no objective signs. 

Good: Mild subjective and objective changes, but working capacity in usual occupation 
‘hanged. 

Poor: Severe subjective and objective changes and reduced working capacity. The 
ients have had to take lighter work or change their occupation. 

As mentioned above a certain number of the patients were not examined personally 
‘ sent replies to follow-up questionnaires. As the reduced working capacity (change to 

igter work or change of occupation) is the decisive feature of this category, the number 

his group is bound to be correct. 


Table 7 sets out the functional result in the entire series. There are 14 
or) results among the un-united cases and only 4 among the united 
es. It will be seen from Table 6 that. the operated cases do not appear 
have obtained a better functional result than those with non-union. 
24—490088. Acta Radiologica. Vol. XXXI. 
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Table 7 


The functional result in the entire material (119 cases). (The figures in brackets 
indicate cases who had an established non-union at the time of diagnosis.) 


Total Ideal Good Poor ? 
United 29 ‘ 4 
Un-united 48 (29) 6 (5) 22 14 (11) 
Roentgenolog. result unknown. 21 8 ; 3 
Total 119 43 36 21 


One might perhaps wonder why all united cases are not included in 
the ideal results, but it must be borne in mind that simultaneous injury 
to the ligament and capsule or a mild post-traumatic dystrophy (of which 
we have not, however, found any clinical or radiological signs) — at times 
intensified by a neurotic disposition, may contribute to after-symptoms. 

The functional result depends to some extent on the patients’ occu- 
pation, but a classification of the material paying regard to this fact 
does not cause a decisive shift of the picture already described. 


Il. 

Lastly, a brief survey of the 27 fractures of other carpal bones. Union 
was observed in all 20 cases in which the radiological result is known. 
In the cases about whom information is available, the functional result 
is ideal, except in one case of a vertical fracture of the semilunar bone 
followed by osteo-arthritis and in one case of a fracture of the cuneiform 
attended with a marked traumatic neurosis: There was union, no osteo- 
arthritis and normal clinical findings. We are unable to give the rate of 
union as the majority of cases were only followed up for a brief period 
after the accident and then re-examined much later. 

In 11 cases the treatment was plaster bandage, averaging 9.6 weeks, 
in 7 cases averaging 2 weeks. Nine patients received no treatment. 


Conclusions 


The investigations show the decisive importance of early diagnosis 
of fracture of the scaphoid bone, as union depends almost exclusively 
on the immediate institution of immobilization. Therefore all patients 
who have sustained injury to the wrist and who give rise to the slightest 
suspicion of fracture should be roentgenographed immediately (prefera! ly 
including an oblique view) — and should not first be treated with pac':s, 
supporting bandage, massage etc. on the assumption that the injury or ly 
amounts to distortion or contusion. If a few weeks pass before the fr-c- 
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ure is diagnosed, it is usually too late to expect a favourable result from 
plaster bandage with a fair amount of certainty. 

Fractures of the sc aphoid appear to unite most rapidly when immo- 
| ilization is instituted immediately — another factor which must urge to 
carly diagnosis, as it restores the normal working capacity within the short- 
est space of time. 

If only a few months have passed before the fracture is recognized, 
cr if union fails to result from several months’ plaster bandage, a contin- 
ued plaster bandage may of course be tried, but it must be realized that 
when non-union is established, such treatment affords extremely small 
chances of union. According to the writers’ investigations the same applies 
to the operative procedures used in the material. 

The only operation which according to the present investigations 
may lead to union is drilling by the method of Beck — but this only 
applies if it is performed before non-union has become established. 
It is therefore important to obtain roentgenograms of the fracture at a 
few months’ intervals, so that drilling by the method of Beck may be 
performed in time in cases of delayed union (with a tendency to smooth 
and sclerosed fractured surfaces and a wider gap in the fracture line). 

The serious nature of a non-union consists partly in the discomfort 
attending the un-united fracture and partly in the attendant osteo- 
arthritis in the wrist. All the cases of osteo-arthritis in this material oc- 
curred in the presence of established non-union. 

If non-union is to be treated surgically, operation must at least be 
performed before osteo-arthritis sets in, although the latter does not in- 
frequently arise after an operation. 

As regards the functional result the great majority of poor results 
are to be found among the un-united cases. Let it, however, be mentioned 
that a few cases of non-union may be completely symptom-free. 

In other fractures of the carpal bones — in this material in practically 
all cases chip fractures — union and freedom from symptoms usually 
results rapidly from any form of treatment. In the writers’ opinion it is, 
however, appropriate to immobilize such fractures for a few weeks in 
order to prevent a possible post-traumatic dystrophy. 


SUMMARY 


The material submitted comprises 119 cases of intra-articular fractures of the scaph- 

id and 27 fractures of the other carpal bones. 100 fractures of the scaphoid were followed 

with a view to the functional result and 98 with a view to the radiological result. The 

‘rage follow-up period was 8.4 years. This study revealed the decisive importance of 

in mobilizing the fracture immediately after the accident. Union occurred in 23 of 25 

aes immobilized within a week of the accident. In cases of delayed union drilling by the 

thod of Beck had a favourable effect in 4 of 8, whereas 2 cases of established non-union 
iained unchanged. 
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It was found that in cases where the fracture was an established non-union whe: 
diagnosed — in 29 cases of this material — union did not result, even from prolonge: 
immobilization. 

In the united cases the functional result was ideal in 29, good in 12, and poor in 4. 
As to the non-unions the result was ideal in 6, good in 22, and poor in 14. As regards th: 
18 operated cases the results correspond to those obtained in the un-united ones. 

A total of 27 cases of fractures of other carpal bones, comprising chip fractures of the 
semilunar, pisiform, and cuneiform, exhibited union in all cases examined by roentgen 

and the functional results were ideal, except in 2 cases. Some of the patients were 
treated with immobilization for a few weeks — others received no treatment. 


ZUSAMMENFASSUNG 


Das vorgelegte Material umfasst 119 Fille von intra-artikulirer Fraktur des Kahn- 
beins und 27 Frakturen anderer Handwurzelknochen. 100 Frakturen des Kahnbeins wur- 
den inbezug auf das funktionelle Ergebnis verfolgt und 98 inbezug auf das réntgenolo- 
gische Ergebnis. Die durchschnittliche Beobachtungszeit betrug 8.4 Jahre. Diese Unter- 
suchung wies die ausschlaggebende Bedeutung einer sofortigen Immobilisierung der 
Fraktur nach dem Unfall nach. Knochige Heilung trat bei 23 von 25 innerhalb einer 
Woche nach dem Unfall immobilisierten Fallen ein. Bei Fallen mit verzégerter Knochen- 
heilung hatte Bohrung nach der Beck’schen Methode bei 4 von 8 Fallen giinstigen Ein- 
fluss, wihrend 2 Fille von bereits festgestelltem Ausbleiben der Knochenheilung unver- 
andert blieben. Es stellte sich heraus, dass wenn beim Feststellen der Fraktur bereits ein 
Ausbleiben der Knochenheilung vorlag, bei 29 der Fille selbst bei langdauernder Ruhig- 
stellung keine Knochenheilung eintrat. Unter den knochig geheilten Fallen war das 
funktionelle Ergebnis bei 29 ideal, bei 12 gut und bei 4 mangelhaft. Unter den nicht 
knochig geheilten Fallen war das Ergebnis bei 6 ideal, bei 22 gut und bei 14 mangelhaft. 
Was die 18 operierten Fille anbelangt, so entsprechen die Ergebnisse denen der nicht 
knochig geheilten Fille. Was ein Gesamtmaterial von 27 Fallen von Frakturen anderer 
Handwurzelknochen anbelangt, das Splitterfrakturen des Semilunare, Pisiforme und 
Cuneiforme umfasst, so wies dieses in simtlichen réntgenuntersuchten Fallen knochige 
Heilung auf, und die funktionellen Ergebnisse waren ideal, ausser bei 2 Fallen. Einige der 
Patienten wurden einige Wochen lang immobilisiert, andere erhielten keine Behandlung. 


RESUME 


Le matériel présenté comprend 119 cas de fractures intra-articulaires du scaphoide 
et 27 fractures des autres os du carpe. Cent fractures du scaphoide ont été suivies en s’at- 
tachant au résultat fonctionnel, et 98 sous l’angle du résultat radiologique. La période 
d’observation a été en moyenne de 8.4 ans. Cette étude a montré l’importance décisive 
de immobilisation immédiate de la fracture aprés l’accident. La consolidation a ¢té 
obtenue dans 23 cas sur 25 immobilisés dans les huit jours suivant l’accident. Dans les 
retards de consolidation les perforations selon la méthode de Beck ont eu un effet favoralle 
dans 4 cas sur 8, tandis que deux cas de non-consolidation bien établie sont restés sans 
changement. On a constaté que lorsqu’il y avait pseudarthrose quand la fracture fut 
diagnostiquée — 29 fois dans ce matériel — aucune consolidation n’est survenue, mé 
aprés immobilisation prolongée. Dans les cas avec consolidation le résultat fonction 
fut idéal 29 fois, bon 12 fois, médiocre 4 fois. Quant aux pseudarthroses, il fut idéal d: 

6, bon dans 22, et médiocre dans 14. En ce qui concerne les 18 cas opérés, les résult 
correspondent & ceux dans les pseudarthroses. Vingt sept cas, en tout, de fractures d’aut 
os du carpe, comprenant des fractures parcellaires du semilunaire, du pisiforme et 
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pvramidal, ont montré une consolidation osseuse chaque fois qu’ils furent examinés aux 
Layons Roentgen, et le résultat fonctionnel était idéal sauf pour deux d’entre eux. 
Cortains des blessés avaient été traités par immobilisation pendant un petit nombre 
d» semaines, d’autres n’avaient recu aucun traitement. 
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FROM THE INSTITUTE OF RADIOLOGY OF THE UNIVERSITY OF MODENA, ITALY 
(DIRECTOR: PROF. DR. MARIO LENZI) 


SOME RECENT RESULTS WITH MY KYMOGRAPHIC 
METHOD ' 
(MULTIPLE CENTERS ROTATING KYMOGRAPHY) 
by 


Mario Lenzi 


Three years ago (1946) I presented a paper to the Academy of Sciences 


in Ferrara (1) and to the Medical-Surgical Society of Modena (2), in which 
a new method for the roentgenokymographic study of the organs with 
curved borders, like heart, diaphragm, stomach etc. was proposed. 

I suggested to substitute the usual grid with parallel slits, with a 
grid with radial slits, like the spokes of a wheel the center of which cor- 
responds to the center of the examined organ. 

I knew, later-on, that such a method had been proposed in 1935 by 
BaratTa (3), in 1936 by Moretti and TRovutirer (4) and in 1937 by 
Lorens (5) (the last suggested a grid »iris-like» with curvilinear slits). 

In the attempt to investigate the reasons of the unsuccessfulness of 
this »rotating kymography» and of the lack of a large practical applica- 
tion of this »rotating kymographic method», I observed that performing 
only one kymogram —- with fixed or mobile grid — the center of which 
corresponds to that of the examined organ (usually the cardio-vascular 
shadow), an unsatisfactory result was obtained. 

In fact, only for some small sections of the cardio-vascular shape the 
kymogram corresponded to the purpose to obtain a true reproduction of 
the movement of curvilinear boundaries, even when a system of slits 
arranged in a radial order was used, and the direction of the diasto-systo!ic 
movement also being essentially radial. As a matter of fact, it is clear 
that, if one or more kymograms are made using for all the same center, 
only the movements of the section of the shape, the curving center of 
which is the same as that of the rotating center of the ky mograp) ic ic 
system, will be registered. Practically only ‘certain points of the card’o 


1 Submitted for publication, March 12, 1949. 
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vascular shadow will be faithfully recorded in this way, and not others 
| aving centers of curve different from the one which was used and which 
{tted for the former. 

In view of these facts it is clear that the »rotating kymography» with 
caly one center does not contribute to make easier and more faithful 
e roentgenologic study of the heart’s function, and does not substitute 
advantageously the previous methods. 

For the same reason and others that will be discussed later on by 
means of an original transformation, I have developed a new method 
that has been named »rotating kymography with grid with radial slits 
applied on multiple centres» (R. K. M. C.) (6). 

The method is the following. By a fixed or moving grid, each curve of 
the cardiovascular shape is separately recorded, the center of the kymo- 
gram corresponding to that of each curve. 

These curves, of various appearance and 
size in the normal and in the pathologic 
subject as well, have different anatomic 
backgrounds: for instance, aorta for the 
first curve of the left boundary; pul- 
monary artery for the second curve; the 
left ventricle for the third curve; the 
right auricle for the right boundary, etc. 

With such a method each curve is 
separately recorded, each kymogram 
having its center corresponding to the 
center of the recorded curve. Fig. 1 will 
illustrate this principle, which is essential ig. 1, Scheme of the »target points» 
and peculiar of my method. The use of of the cardio-vascular system in the 
a single center for the whole cardio-vas- turning kymography with multiple 
cular shadow is reserved to a preliminary oa. 
step of the investigation, in order to get 


a comprehensive idea and a technical suggestion for a further choice of 
the centers, of the rotation speed of the apparatus, etc.: this problem 
will be discussed later on. In all the other cases the method will utilize 
as many centres as the total number of the curves of the examined 
cardio-vascular shape. 
These centres are named C,, C,, C; from the left to the right side. In 
lus way, C, is the center for the aortic bow; C, for the pulmonary curve; 
for the left ventricular curve; C, for the right atrial curve; C; for the 
perior vascular right curve, when it is detectable. 
In the kymographic recording of cardio-vascular shadow’s movements, 
is possible to have many sources of errors, or »unfaithfulness», of the 
aphic record, as my co-workers and I have pointed out (7—8). 
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The first group of errors is depending upon the peculiar configuration 
and function of the heart (7. e. for lack of a unique center of axis of the 
cardiac motility), and chiefly upon the presence of so-called accessory 
movements of the cardiac revolution (pendular or rotating movements) 
These errors cannot be avoided by the use of the technique which I hav: 
proposed, nor by the Stumpf method. 

Another group of errors is closely connected with the system of kymo 
graphic registration, and may be avoided if the method which is now pre 
sented is used, since the angle (so called a angle) between the direction 
of the movement and the direction of the explorating slit is suppressed. 

As a matter of fact, in the R. K. M. C. the radial arrangement of the 
slits is in agreement with the direction of the diasto-systolic movement. 
in the point of the shape of which the center corresponds to that of kymo- 
gram. 

In a previous paper (9) I pointed out that the »unfaithfulnesses» 
may be classified as follows: 

Quantitative »unfaithfulnesses»: for undue lengthening or for deforma- 
tion of the kymographic peaks. 

Qualitative »unfaithfulnesses», due to »substitution». 

In the present paper the sources of error which have been referred to 
above will not be particularly considered. This subject has been developed 
in previous works; it is sufficient to remember now that the sources of 
errors of quantitative and, above all, of qualitative nature, have a great 
importance, from a theoretical point of view and for the practical use of 
kymography as well. For instance, if we consider the error depending on 
a lengthening of the peaks, it is possible to have an error of 60 °%%, when 

= 50° (in the cardiac kymography with grid with parallel slits, the error 
is inversely proportiona! to cosine of the angle between the horizontal 
component of the movement and the true direction of the diasto-systolic 
horizontal component 
real displacement COs a 
it is possible therefore to get rid very satisfactorily with these sources 
of error. My co-workers and I have given in other papers theoretically and 
practically the demonstration of this assumption. For the practical appli- 
cation of this technique it is necessary to use a rotating kymograph, the 
characteristics and the construction of which have been already de- 
scribed (10). 

The use of this kymograph by several authors confirmed that it cor- 
responds to the purposes of clinical and scientific investigations in the 
physiological and pathological field. 

The rotating kymograph is formed by a grid with radial rectilineer 
slits of 2 mm, which i is turning on its center (moving- grid technique) « 
is fixed (fixed-grid technique), while on the same center the film-holde: 


movement: . With the proposed method 
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i. rotating. For the study of movements of shapes with sharp curvature 
(. ortic »knee», doudenal bulb, pulmonary cavities etc.) a special device, 
a rotating micro-kymograph» was also constructed and used; its charac- 
trristics have been described elsewhere (11). 

To obtain the best results with the R. K. M. C. it is very important to 
fcilow, with the greatest care, the directions which I have already ex- 
posed in a paper which has been published in the Review »Radiologia 
C.inica» (12) and which will be here summarized. 


To make a R. K. M. C. the following operations are requested: 

1) Preliminary radioscopy. 

2) Drawing of the cardio-vascular shape on the glass of the fluoro- 
scope. 

3) Preliminary general radiography of the thorax at the same distance 
as the drawing in operation 2) has been made. 

4) Individualization of the various centers for the kymograms. The 
number of these centers is, of course, the same as the total number of the 
curved sections of the whole shape of the examined organ (generally 
4 or 5 for the cardio-vascular shadow in AP). They correspond to the 
centre of the observed curve, or of a theoretical regular curve resembling 
as closely as possible the true shape of the curve under observation. The 
centers can be found and fixed a) after direct observation, or b) by means 
of a geometrical objective method, using a simple geometrical theorem; 
and furthermore, c) with a statistical method, plotting and working out 
the mean value of a great number of observations of the three main types 
of heart shape (vertical, oblique, horizontal heart). 

According to our experience, the three methods reported above give 
practically the same results, and the error is negligeable for the routine 
examination purposes. 

5) Marking the anterior wall of the chest of the subject in the points 
corresponding to the centers previously determined. 

6) Previous calculation of the speed of the moving grid or film holder 
(angular speed of the kymograph). The speed must be directly propor- 
tional to the pulse frequency and to the length of the kymographic 
curve and inversely proportional to the radius of the examined curve. 
A simple formula or the use of expressely calculated nomographic curves 
allow to estimate this angular speed, according to so-called ScHwarz- 
SCFILD’s »esthetic relationship» (13), which is very important for a cor- 
rec’ kymographic technique. 

7) Performance of a preliminary kymogram in which the center has 
been found by means of direct observation. 

3) Performance of the various kymograms (by moving or fixed grid) 
one for each curve, with the attention of making correspond each time 
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the centre of rotation of the kymograph with the rotating centers foun. 
and noted in advance on the chest of the patient. 

For the reading of the records obtained with my method, which ar» 
fundamentally similar to those obtained with other methods, it is im- 
portant to call the attention upon the fact that the kymographic diagram 
follows a curved line, and not a rectilinear one: many mutual relations be- 
tween »vectorial diagrams» (StumMprF) (14), must be therefore interpreted 
and estimated, and this operation requires some particular calculations, 
where two values are always most important: the length of the radius of 
the examined curve and the angular speed of the rotatory movement. 

For the interpretation of the kymograms obtained by the R. K. M. (. 
in the normal man, I shall refer to a paper (9) previously quoted. The 
description of the estimation of kymograms in the various diseases of the 
heart will be given in several papers which are now in press. 

I will now summarize some recent progresses and results of my meth- 
od in the study of the diaphragm, the bladder, and circulatory apparatus 
in physiological and pathological condition: emphasis will be given in the 
following pages to the peculiarities of the proposed method and to the 
clinical and scientific advantages that this method offers in comparison 
with other methods. 


Diaphragm. Preliminary investigations performed by means of the 


radioscopy and with the method of the double impression in the position 
of the maximal extension of the diaphragm, have shown the radial di- 
rection of the diaphragmatic movement, which is closely connected 
with the respiratory movements. 

These observations demonstrated also that with the Stumpf method 
it is possible to get a faithful picture of the movement of the central area 
of the diaphragm, whilst the movements of the diaphragm in the vi- 
cinity of the costal-, or mediastino-diaphragmatic sinuses are not visible 
even modifying the position of the grid. Here the diaphragm makes its 
movements following directions which become more and more horizontal, 
and consequently the a angle approaches even to 90°. 

In this way, the above mentioned »unfaithfulness» may reach the 
highest value, specially by deformation. A comparative study, per- 
formed by dr. Pu@trese (15), demonstrated that with the Stumpf 
method the reconstruction of the diaphragmatic curve is not possible, 
while it is easily obtainable with my method. In fact, if the bases and ‘he 
tops of the peaks are connected with two lines, two curvilinear con- 
centric tracts are obtained that reproduce the two shapes taken in the 
same film with a double record (see fig. 2—3—4). 

As an example of the usefulness of the method from a patholog':al 
point of view, fig. 5 and 6 reproduce the changes of diaphragmatic shi pe 
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Fig. 3. Fig. 4. 


Figs. 2—3—4. Normal subject (Q) aged 40. Pictures of the movements of the left dia- 
phragm, obtained with the technique of the double impression (fig. 2); 
with the Stumpf kymography (fig. 3); with rotating kymography (fig. 4 
with mobile grid. 


in a case of echinococcus cyst of the liver. The lateral wall of the cyst 

as a movement; which is identical with that presented by the lateral 
sinus: by the rotatory kymograph, the wall appears finely notched with 
revular peaks having the same length and radial disposition; by Stumpf’s 
kvmograph, on the contrary, the wall seems to have a vertical rectilinear 
shape, falling down to the diaphragmatic outline. 
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Fig. 5. Fig. 6. 
Figs. 5—6. Pictures of the diaphragm in a case of echinococcus cyst of the liver; with 
the Stumpf kymography (fig. 5), with the turning kymography (fig. 6). - 
The rotation center of the grid with radial slits corresponds to the center 
of the curve of the cystic wall. 


Fig. 7. Fig. 8. 
Fig. 7. Rotating kymography with fixed grid. Normal bladder during the depletion. 
Fig. 8. Rotating kymography with grid. Diffuse papillomatous tumour of the bladder. 


There are paradoxical movements of extroflexion of the wall during the deple- 
tion of the bladder. 


If we draw two lines, one connecting the bases and the other the tops 
of the peaks, regular curves are obtained which reproduce the true shape 
of the cyst; if we repeat this operation with a record taken with the 
Stumpf method we obtain two curves that stop against the lateral wall, 
and start again towards the costo-diaphragmatic sinus, where the same 
»unfaithfulness» is repeated, as it is clearly shown in figs. 5—6. 


Bladder. At the National Italian Congress of Radiology, 1948 (1 
I exposed some results and made some preliminary considerations abo it 
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Fig. 9. Fig. 10. 


Electrocardiogram: large infarctus of the myocardium on the apex and around 
the apex. 

. Same case of fig. 9. Detail on a Stumpf kymogram for the left ventricular 
boundary. 


Fig. 11. Fig, 12. 


. Same case. Rotating kymogram with fixed grid. The »target point» is on the left 
ventricle. In the superior section of the left ventricle (the reading is in a direction 
opposite to the rotation of the watch arms) there are very clear systo-diastolic 
peaks (the diastole is slow and rectilinear; the systole is faster, but equally 
rectilinear). Near the apex there is a very small, undulant picture, in which 
the diasto-systolic movements are hardly visible. 

2. Same case. Turning kymogram with mobile grid. Similar picture with the differ- 
ence of a little but evident flexion in proximity of the end of the diastolic 
dilatation. 
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the kymographic study of the 
bladder. A more extensive stud; 
was performed by my co-workers 
dr. MoNGELLI (17) and dr. 
(18), who made comparative obsei - 
vations of normal and pathologic: | 
cases with both the Stumpf and 
R. K. C. M. method. 

The results are the following: 

1) The R. K. M. C. metho 
is more suitable than Stumpf’ 
method for the study of blad- 
der’s function. M. MALventt (19) 
has, in further observations, ex- 
pressed the same opinion. 

2) Bladder’s contraction, du- 
ring urination, is not concentric; 
the movement starts in the upper 

| part and progresses downwards; 
| the bladder apex goes therefore 
| towards the basis, which stands 
more or less in the same position. 
The lateral wall starts to contract 
with some delay in comparison 
with the apex. 

3) As far as the pathology of 
the bladder is concerned, it is possible to give evidence to the presence 
of adhesive or infiltrative processes of the wall, that impair or modify 
the movements (extroflexion, etc., see fig. 8). 

4) An »impression» on the bladder as result of tumors of the uterus, 
rectal dilatation, spermatocystitis, etc. can be made evident by a more 
rapid contraction of the part corresponding to the »impression» (see 
figs. 2—3—4, VII case). 

5) With the R. K. C. M. it is possible to recognize the tubercular 
nature of a lesion of the surface of the organ; the affected part appears 
to be not mobile while the remainder normal part is contracting more 
actively than in the normal. 
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spatio interfessurale 3 


spazio inter fessurale 4 


Fig. 13. Diagram of the kymographic pic- 
ture of fig. 12. S: systole; D: diastole. 


Heart.. Myocardiac diseases. This argument was studied by my 0- 
workers dr. Pigont and dr. BALLI (20—21), comparatively by Stump*’s 
and R. K. C. M. method. With the Stumpf method a general view 
of the diasto-systolic movements, chronological considered, is obtaind 
but the true valuation of a single movement is not allowed. 
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Fig. 16. Fig. 15. 

Mitralic illness. Scheme of sections of the heart shape taken by the rotating 
kymography and reproduced in figs. 15—16. 
Rotating kymogram with fixed grid (vide fig. 14); a = ventricular move- 
ments with a little dilatation at the end of the presystolic atrial contraction; 
b—c = atrial movements; d—e—f = arterial movements. 

}. Same case of the figs. 14—15. On the double boundary of the right border the 
movements of the enlarged left atrium, due to the left ventricle—atrium 
reflux, are visible. In the lower section ventricular movements are visible. 


The R. K. C. M. method, on the contrary, gives a correct idea of the 
true relationship between peaks, both from the point of view of the 
chronology of the movements and of their magnitude, and, moreover, 
my give a clear record of the kinetic function of the various sections of 
the cardiac shape. 

A clear demonstration is given in the paper quoted above (20—21) 
Ww: ere an investigation of the function of the left ventricle (C,) is reported 
wi h variations of the a angle from 0° to 60° or 90°. 
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Fig. 17. 


Figs. 17—18. Mitralic illness: rotating 
kymographic pictures of the D—D’ curve 
(center in C,). 

WN 
spaxe intertessvrale 2 


Fig. 17 (kymogram with fixed grid) 
shows the movements of the two bound- 
aries, of different opacity. The schematic 
drawing of fig. 18 shows the movements Sk. ©) RRA 
of the interfissural spaces of fig. 17, SSS S 
which are compared in their chronological spanio ‘alerfesswrale 
relationship to the movements of the 
left ventricle (1). 8: systole; D: diastole. 


Fig. 18. 


Considering the normal kinetics of the left ventricle, evidence has been 
given of some alterations connected with several heart diseases: infarctus, 
arythmia, Basedow-heart, hypertensive or hypotensive heart, myx- 
oedema-heart. The picture of the myocardiac infarctus is very significant: 
the sharp amputation and the deformation of the peaks, the systolic 
enlargement of the shape, the appearance of a sort of vibration which 
substitutes in some cases the true movements allow a clear appreciation 
if the normal relationship between the movements of the different sec 
tions is not altered (see fig. 9—10—11—12—13). 


Heart. Acquired valvular diseases. This argument has been stud e 
by G. MELLI (22), and I will summarize some essential points only. 

1) Lower left arch: the diasto-systolic movements have the sa 
aspect all along the lower left arch; they may be modified at the bott 
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or at the top, when the valvular disease interferes with that myocardial 
section the activity of which is in connection with the repletion or the 
depletion of the heart cavities. 

In single cases little variations in the systolic or diastolic phase could 
be registered. The uniform aspect and regular formation of the peaks 
recorded with the R. K. C. M. gives the possibility of examining whether 
the accidents are localized or generalized; this is important for a qualita- 
tive appreciation. In this way it has been possible to observe some little 
telediastolic expansions, when a strong pressure in the auricle was 
present. 

In other cases, when an aortic insufficiency gave origin to a reflux 
of blood, a little expansion of the ventricular wall at the end of the systole 
has been observed. 

In the compensated heart diseases, a rectilinear or curved aspect, 
corresponding to the variations of the systolic or diastolic phase, has been 
observed. 

2) Middle left arch. With the R. K. C. M. the movements of this 
middle arch could be demonstrated, while with the Stumpf method this 
section appears motionless, although enlarged. 

The arterial nature of the left arch is clearly demonstrated by the 
rotatory kymograms. Movements of atrial aspect in the second section 


of this arch were observed even when they could not be detected with 
Stumpf’s kymograms (fig. 15). 


» 


3) Lower right arch. This arch, which can be easily visualized even 
with the plain kymography, can be carefully investigated with the 
R. K. C. M. if the center of rotation is placed in C. 4. The movements are 
of atrial type in the inferior section of the arch; however, movements of 
ventricular type are demonstrable (fig. 16). The pictures obtained in some 
cases of mitral disease are interesting, since at the level of the right 
double outline the signs of blood reflux from ventricle towards the auricle 
are demonstrable. 


SUMMARY 


The author presents briefly the technical fundaments of his own rotating kymography 
with multiple centers. The advantages of this method, in which the most important 
e.uses of error of other methods have been avoided, are illustrated. 

The technique of the method which has been proposed, and also the utilisation of 

» method in different investigations, is described. 

The author finally presents some new results obtained with the comparative use of 
te Stumpf method and his method in the investigation of the movements of the dia- 
p iwagm, of the bladder, and of the heart in normal and pathologic conditions. 

25—490088. Acta Radiologica. Vol. XXX1. 
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